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Because of their seemingly universal appeal, game elements such as points, goals and 
leaderboards, are increasingly being incorporated into non-entertainment situations with 
the aim of increasing user performance. This process is referred to as gamification. 
However, little empirical research exists 
performance, particularly with respect to moderating influence of user personality traits. 
Social gamification that involves more than one participant incorporates social 
interdependence, which takes form as negative interdependence (competitive in nature) 
or positive interdependence (cooperative in nature). Based on the hypothesis that the 
interdependence type underlying a gamification system would appeal to differing 
personality traits, this study reports a quasi-experiment involving a platform designed to 
manipulate participant interdependence structure among cooperation, competition, and 
neutrality, with the latter acting as the control condition. These three interdependence 
structures functioned as the  independent variable, with measures of 
participant performance as dependent variables, together with the participant personality 
traits assessed using the five factor model of personality acting as moderating variables. 
294 undergraduate participants worked with the platform on a voluntary basis over an 
eight-week period, spending 38,180 minutes and performing 3,275 actions. At the 
conclusion of the experiment, the data collected were analysed using Kruskal-Wallis, 
ANOVAs, multilevel mixed method regression models, and a generalised estimating 
equation.  results yield significant evidence that incorporating gamification 
in the experimental platform increases participant performance as measured by 
completed actions on the platform, and that participant personality traits moderated 
performance depending on interdependence structure.  Significant results suggest that 
within the gamified platform, Extraversion positively moderates performance under 
competition and Openness positively moderates performance under cooperation.  
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1  
Driven by the desire to create competitive advantage in business, to discover new means 
of improving health, or to increase educational attainment, organisations and individuals 
from across the globe are adopting digital technologies at an ever increasing rate. In the 
day-to-day activities of engaging, recruiting, and training students and employees, 
interactive digital platforms and apps incorporating social-interaction and game 
elements are spearheading this adoption in efforts to increase productivity. Whether the 
area is education, business, health, science, culture, or policy, multiple apps or digital 
platforms are available, and, in fact, the number of apps being developed and consumed 
are growing at an exponential rate. As of July 2014, over 3 million mobile apps were 
downloaded over 300 billion times (STATISTICA 2014). Similarly the number of 
platforms offering social interaction and employing game elements and gamification has 
seen strong growth, with industry figures pointing to a 40% annual growth in social 
collaboration software (IDC 2015).  
In spite of increasing digitisation, the marketing efforts of businesses developing digital 
learning or social collaboration platforms, and the decades of exploration by researchers 
in computer-supported cooperative work and similar fields, the major innovators of user 
engagement and effective performance have not been the digital learning or social 
collaboration platforms themselves but the e-commerce giants Amazon, eBay, and 
Google, which between them draw over 1 billion people a month to their platforms. Not 
surprisingly, the one element these organisations have in common is a serious 
commitment to personalisation in their user interfaces. It can be argued that humans 
tend to gravitate toward contexts which provide personalised solutions to their needs 
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and views tailored specifically to match theirs rather than to generic versions (Kramer et 
al. 2000). Whilst some users of these platforms are aware of the underlying 
recommendation and rating systems incorporated in the platform, few are aware of the 
deep level of personality profiling and dynamic framing performed for each individual 
results of this profiling and framing. Amazon online retail store alone personalises over 
100 million web pages daily to accommodate its visitors and drive higher sales 
performance (Kaptein 2015). 
Adding to this digital growth is a tendency to utilise games and game elements to 
enhance engagement and hence productivity. Despite the hype and claims to the 
contrary, the majority of efforts in gamification remain generic rather than personalised 
(Herzig et al. 2015; Gibson and Jakl 2015), with the latter representing a potential 
means of delivering improved outcomes and higher performance.  
This thesis explores the potential for maximising performance of users in a social 
collaboration platform through gamification, by examining the moderating impact of 
 personality traits on their performance under different gamification 
dynamics. It examines existing empirical studies in related domains to identify elements 
contributing to success and failure within those domains. Drawing on these findings to 
inform its design and implementation, the research included developing and conducting 
a quasi-experimental field study under controlled conditions.  
1.1  
In 2014, over a billion people played digital games on a regular basis and mostly online 
(Seo et al. 2015), and this rate has been increasing as more gain access to the Internet 
and as prices of smart device decline. Although traditionally viewed as an activity 
enjoyed primarily by young males, recent research suggests that roughly equal numbers 
of both genders enjoy digital game playing, although there are nuanced difference in the 
type each gender enjoys (Veltri et al. 2014, Liu et al. 2013). 
The ubiquity of games and their universal appeal as a method of engagement have led to 
an explosion of games created for purposes other than entertainment. Serious games are 
defined as any form of interactive computer-based game software developed for 
purposes other than entertainment (Ritterfeld et al. 2009). Today these are used in a 
wide range of application domains, including learning, training, and communication, for 
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a range of sectors, including healthcare, culture, advertising, military, engineering, 
business, politics, and others, and hundreds of new serious games are being developed 
yearly (Laamarti 2014). Games with a purpose (GWAPs), related to serious games, are 
defined as human-based computation techniques that incorporate game elements so that 
the players are actually performing a computational process as they play the game (Von 
Ahn 2006). Such game-based techniques have been used in fields as diverse as 
annotating images (Seneviratne and Izquierdo 2010), collecting common-sense facts 
(Speer et al. 2010), and predicting protein structures (Cooper, Khatib, et al. 2010). 
These games are often presented as playful online toys with links back to real world 
data, thus enabling players to carry out such useful computational tasks as pattern 
recognition, to which an algorithm might be less likely to yield a valid solution. 
Advances in development of artificial intelligence are increasingly limiting the use of 
GWAPs in pattern recognition however (Cambria et al. 2015).   
With games and game elements being increasingly incorporated into real-world subjects 
event testifying to the increasing incorporation of game elements into everyday 
activities. Work is treated as play, as every-day work or study activities are augmented 
with engineered systems that look like games or encompass such game elements as 
other domains continue to be developed and explored across many other sectors 
including health, education, and business (Groh 2012). In the academic literature, 
gamification tends to be defined as the use of game elements in a non-entertainment 
context (Deterding et al. 2010), often with the goal of increasing engagement or 
productivity in a non-entertainment activity (Huotari and Hamari 2012). 
Proponents of gamification argue that humans require constant feedback and 
acknowledgement of progress in order to carry out daily activities (McGonigal 2011). 
Games are prototypical examples of such feedback loops, in which granular and explicit 
responses to player actions are relayed back to the player, thereby enabling progress 
within the activity. These feedback loops are highly engaging (Munz et al. 2007), and 
hence borrowing specific game elements and integrating them into everyday activities is 
claimed to make these activities as engaging as games (Zichermann and Cunningham 
2011).  
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Within a business world driven by increasing productivity, feedback mechanisms such 
as the points and leaderboards found in games are frequently viewed as robust methods 
for developing competition and increasing engagement (Herger 2014). Enterprise 
gamification is advocated as a means to relieve boredom, increase performance levels 
and satisfaction, and encourage unpaid work from communities internal and external to 
the enterprise (Mollick and Werbach 2015). Boredom has been found to destroy 
employee productivity and lead to higher staff turnover (Grant 2008). Games, on the 
-relieving games, some assert, can 
constitute a way of creating happier and more engaged workers, thereby boosting job 
satisfaction and improving job performance (Rothbard and Wilk 2011, Sonnentag 
2012). In reality, however, whilst some games appeal to many, most games do not 
appeal to most people, and so incorporating game elements into everyday activity does 
not, as some suggest, guarantee improved productivity.   
1.2  
As explored in the gamification section of the literature review chapter, research 
focused on gamification has increased greatly since 2010. Given the diverse application 
domains of gamification, this research inevitably encompasses wide ranges with respect 
to context of use and study designs. Therefore, it is unsurprising that, despite the large 
number of papers published on the subject to date, a coherent understanding of the 
outcomes and results of gamification is still lacking. Furthermore, the effectiveness of 
gamification in increasing performance in a wide range of situations remains largely 
unknown. As Pesce (2015) succinctly 
 expecting any gamification to work for every member of an 
audience would be to adopt a one-size-fits-all mind-set, in which all people are assumed 
to enjoy the same experiences. Indeed, as will be discussed later, any given gamified 
application impacts di
Whether these differences are attributable to context or individual personality 
differences and personal preferences, as suggested by Hamari and Joanna (2013), 
constitutes a central enquiry of  
The majority of gamification researchers identify points, badges and leaderboards 
(PBL) as the core game elements most frequently used within gamification (Danelli 
2015). However, the manner in which PBL and other game elements are framed for a 
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user, i.e., the way in which game elements are presented to game participants through 
the user interface, gives rise to a variety of game dynamics (Hunicke et al. 2004). 
Examples of game dynamics cited from the game design domain include constraints, 
emotions, narrative, progression, and relationships (Feil and Scattergood 2005, 
Brathwaite and Schreiber 2009). This thesis focuses on the interdependence of players 
as presented in a gamified platform, and the impact of these relationships on 
performance. Measuring the behaviour of players through their interactions with a 
gamified platform modified to provide competitive and cooperative social 
interdependence through use of game elements such as points and leaderboards is 
intended to provide insights toward a more nuanced approach in gamification. This 
study will view gamification as primarily situated within a social setting and so 
requiring the presence of other participants in order to provide context and meaning to 
actions and the feedback resulting from these actions. Whilst gamification can, of 
course, be developed solely for individuals, the purpose of this thesis is to examine the 
performance effects of contrasting interdependent social dynamics within a social 
gamification environment.  
The impact of a goals-and-reward structure on performance has been a topic attracting 
considerable research since the 1920s (Watson 1925). As explored in the literature 
review chapter, many researchers in gamification have cited two major approaches in 
wherein an individual carries out an activity to gain the inherent satisfaction and 
enjoyment it imparts (Ryan and Deci 2000), is based on intrinsic motivation. The 
second, derived from behaviourist learning theory (Johnson et al. 1981) wherein an 
individual performs an activity for such external rewards as monetary gains, is based on 
extrinsic motivation. However whether a particular participant views a goal or reward as 
intrinsic or extrinsic is largely subjective and is not, as some authors have suggested, an 
objective truth (Richter et al. 2015). Furthermore, whilst enquiries following the 
extrinsic versus intrinsic delineation remain popular, the inconsistencies in participant 
perception call the usefulness of such a delineation into question.  
multila
Deutsch 1962, Johnson et al. 1998, Sharan 1990). In conceptualising the social 
dynamics driving goal accomplishment, Deutsch developed a theory of cooperation and 
Gamification, Interdependence, and the Moderating Effect of Personality on Performance 
6  Kam Star  December 2015 
competition with three types of goal structures: cooperative, competitive, and 
individualistic. Cooperation is generally defined as groups of individuals working 
together to achieve a common goal whilst sharing the outcomes, whereas competition is 
a zero-sum situation where individuals aim to outperform others for their own gain 
(Kelly and Thaibaut 1954). 
The debate as to whether cooperative or competitive structures maximise motivation 
and performance has been the subject of considerable scientific exploration (Tauer and 
Harackiewicz 2004, Johnson et al. 1981). However, despite the large number of studies, 
definitive conclusions remain contradictory. Some theorists have argued for cooperation 
as the greater enhancer of productivity, particularly where a high level of 
interdependence exists between goals and associated tasks within a group (Harvey et al. 
1961, Deutsch and Krauss 1962, Aronson and Bridgemenan 1979). On the other hand, 
competitive goals and reward structures have been viewed as promoting negatively 
valued social behaviours such as aggressiveness and hostility, in contrast to 
cooperation-based structures which have been thought to promote positively valued 
social behaviours such as good will and empathy (Ryan and Deci 1985, Barnett and 
Bryan 1974, Ames 1981). 
Meta-analyses of studies on effects of cooperative, competitive, and individualistic 
goals and reward structures on academic performance support the stance that structures 
based on cooperation increase performance to a greater extent than do those based on 
individualism and competition (Johnson et al. 1999, Stanne et al. 1999). However 
Stanne et al. (1999) documented competition as having a greater impact on performance 
than cooperation depending on the manner in which the competition was presented, and 
Tauer and Harackiewicz (2004) report no measurable difference in performance under 
conditions based on competition and cooperation. Thus, in order to provide a deeper 
understanding of the nuanced differences between different types of competition and 
cooperation and to situate this study within the current literature, in section 2.2.6 of the 
literature review chapter a unified model of cooperation and competition that combines 
social interdependence theory and economic game theory is presented.  
The importance of exploring the differences in performance levels within 
interdependent structures based on either competition or cooperation is further 
underlined by three factors. Firstly, the findings presented in the literature review reveal 
90% (n=36) of experimental gamification studies examined rely on competition as a 
primary interdependence dynamic. Secondly, gamification is usually intended as a 
Chapter 1: Introduction 
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method to enhance the performance of all individuals concerned, who are often 
operating within a broader group, team or class whose collective success requires 
cooperation within the group. Thirdly, given that researchers in the computer-supported 
cooperative work (CSCW) field have called for design of systems that reduce intra-team 
competition (Easterbrook 2012). And finally, since gamification researchers have called 
on new research to explore cooperative goals and rewards structures empirically 
(Danelli 2015, Butler 2015, Kotini and Tzelepi 2015). 
That the dynamics underlying most gamification studies appear to rely predominantly 
on competition reflects the fact that competition remains the prominent dynamic in 
games, whether they be board games, sports, card games, or digital games. In their 
seminal book, Rules of Play: Game Design Fundamentals, Salen and Zimmerman 
(2004) claim that all games are inherently competitive. Even when players on the same 
team cooperate, there is competition between teams. Similarly even in one-person 
to play the game well enough to succeed. Other authors have expressed similar views, 
asserting that games are predominantly competitive by nature (Juul 2011). However a 
growing number of researchers have called for further research into the dynamics of 
cooperative games (Vordere et al. 2003, Seif El-Nasr et al. 2010) and, in particular, of 
cooperation-based gamification (Vegt et al. 2015, Ricther et al. 2015, Nicholson 2015). 
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1.3  
As discussed earlier in this chapter, despite the rapid rise in activity and the general 
hype within the industry surrounding gamification, questions as to the consistency of 
academic research containing empirical evidence on  impact and 
outcomes with respect to performance remain (Dyer 2015, Reiners and Wood 2015).  
Without empirical evidence to support the validity of the methods and techniques 
employed in gamification, fruitful study of the subject is not possible.  
Given the claimed raison d'être of gamification to positively motivate individuals so as 
to increase performance levels, either in terms of quality or quantity (Huotari and 
Hamari 2012), the first set of research questions is designed to examine this claim and is 
framed as follows:  
Research question 1 (RQ1): Does the existing empirical evidence for gamification 
support the stance that it improves performance?  
The following question is posed to further better understand the underlying game 
elements that contribute to success or failure of gamification: 
Research question 2 (RQ2): What game elements are often used in gamification, and 
how do they impact motivation and performance? 
Finally, since theory generally serves to ground and explain a phenomenon and then 
acts as a scaffolding on which more successful applications can be built, the following 
question is posed:  
Research question 3 (RQ3): What prominent theories underlie design or explanation 
of outcomes of existing gamification experiments? 
The first three research questions are explored primarily within the gamification section 
of the literature review chapter and rely on examination of almost 300 studies carried 
out between 2010 and 2015 on the subject of gamification. This study then uses the 
findings of these previous studies to inform the design of an empirical experiment 
employing the platform StarQuest, a social collaboration application built using an 
existing open source blogging platform, which provides a private online environment 
for small groups of individuals to find and share digital content.  
Chapter 1: Introduction 
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The literature review chapter will demonstrate that as many as 84% of gamification 
studies (n=55) result in either no improvement or a reduction in performance. 
Therefore, the next research question concerns the impact on performance of 
incorporating gamification into StarQuest through a quasi-between-subject experiment:  
Research question 4 (RQ4): What is the impact of incorporating gamification on 
performance within StarQuest?  
Given the inconsistent findings regarding effects of competitive and cooperative 
interdependence dynamics on performance and the lack of studies on the impact of 
these dynamics incorporated within gamification, the following question concerns 
manipulation of the framing used in communicating such game elements as points, 
goals, leaderboards, and status in StarQuest: 
Research question 5 (RQ5): Which gamification dynamic, competitive or cooperative, 
results in higher participant performance in StarQuest?  
Finally, as indicated in the findings reported in the literature review, individual 
differences in participant personalities constitute a possible predictive factor in the 
impact of gamification on performance. Personality traits refer to the enduring personal 
characteristics that a particular pattern of behaviour exhibited in a variety of situations 
reveals. One of the most widely utilised models of personality is the Five Factor Model 
(FFM) proposed in the field of trait theory by McCrae and Costa (1987). The five traits 
that compose the FFM are Openness, Conscientiousness, Extraversion, Agreeableness, 
and Neuroticism, and empirical research on these traits shows consistency in 
measurement across interviews, self-reports, and observations, across a wide range of 
individuals of differing ages and cultures (Schacter et al. 2009, Barrick et al. 1993). 
Measurements of the five FFM personality traits have been shown as moderating factors 
with respect to performance in a wide variety of activities that include commercial work 
oriented activities (Barrick et al. 1993, Colbert et al. 2004); learning and academic 
performance (Furnham et al. 1999, Yeung et al. 2012, Noftle and Robins 2007, 
Paunonen 2007); Internet usage (Landers and Lounsbury 2006); and play 
(Teng 2008, Yee 2006). The link between personality traits and performance in discrete 
activities across learning, work, and play has been well established; however, still 
unknown are the moderating effects of personality on performance levels when game 
elements are incorporated into learning and work activities, i.e., gamification. Thus the 
sixth research question is as follows:  
Gamification, Interdependence, and the Moderating Effect of Personality on Performance 
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Research question 6 (RQ6): What moderating effects do personality traits have on 
relative performance levels under the differing gamification dynamics, competition or 
cooperation, in StarQuest?  
This thesis presents empirical measurements  levels in the 
StarQuest online platform manipulated so as to operate under conditions that represent 
cooperation, competition, and neutral environments. With respect to performance, many 
factors beyond the control of the experimenter can impact the measured results. Among 
these are environmental, personal, cultural, interpersonal (e.g., how long participants 
have known one another, whether they like one another or not), situational, or 
contextual (e.g., attitude toward their organisation) ones. Other potential influences are 
the quality of the user interface and  with and acceptance of an 
(s). Since the experimental study is carried out in-the-field rather 
than under laboratory conditions, ignoring these real-life factors could result in falling 
, a term coined by Taleb (2007). When seeking to describe the 
world in terms of mathematical models and applying simplistic statistical models in 
complex domains where incorporating the entirety of the available knowledge in the 
model is impossible, small unknown variations in context can substantially impact 
outcomes (Judge et al. 2014, Steffensmeier 2008, Spence and Keeping 2010). 
1.4  
This thesis makes at least four original contributions to the burgeoning areas of 
gamification, particularly online social gamification, and of related research and 
application fields.  
Firstly, the analysis involved in critically examining the existing literature and empirical 
studies on gamification provides the evidence to debunk the myth that gamification is a 
universal solution to increased performance, as industry and some researchers in the 
field contend. Moreover, it provides a measured approach to identifying the conditions 
under which it succeeds or fails.  
Secondly, by contrasting the views of social interdependence presented in social 
psychology literature and studies and in economic game theory, it provides a unified 
approach to examining cooperation and competition and so lays the foundation for a 
framework incorporating the two that extends and unites the current models used to 
describe interpersonal interdependencies.  
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Thirdly, it provides empirical evidence aimed at determining whether gamification is an 
effective method of increasing performance, extending this exploration by drawing on 
research on differences based on personality traits to provide evidence on the effect 
these traits have on performance level in a gamification context.  
provides the first evidence of the impact on performance level of personalised 
gamification. Platforms able to adapt according 
customisable at the social dynamic level and so represent a move away from the one-
size-fits-all approach. As the results of this study demonstrate, customisable 
gamification has the potential to maximise individual performance. 
Whilst the research reported in a PhD thesis is primarily aimed at extending existing 
knowledge and exploring insights that have not yet been investigated, the ambition 
motivating this research has been to not merely discover new knowledge for its own 
sake but rather to develop practical applications that will fundamentally improve 
performance, particularly with respect to groups collaborating online to accomplish a 
task. The design and development of this  experimental platform StarQuest 
has produced a practical social collaboration platform capable of delivering personalised 
game dynamics that is being used by hundreds of students daily and that continues to 
grow and develop.  
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1.5  
The thesis is composed of five chapters: the introduction, literature review, 
methodology, results, and conclusions. The first section of the literature review chapter 
provides a detailed exploration of the current state of the art in empirical studies on 
gamification together with respective theoretical groundings aimed at answering the 
interdependence and competition and cooperation theories, discuss personality and the 
impact of personality on performance, and synthesize interdependence, personality, and 
performance in order to develop the hypotheses for the empirical experiment to test. The 
methodology chapter justifies the research philosophy, paradigm, and strategies by 
describing the methods used for designing the experimental instrument and discussing 
participants, analyses, and limitations. The results chapter provides descriptive and 
inferential analysis of the data generated from the empirical study in support of the 
hypothesis presented. Finally, the conclusion chapter sums up the findings presented 
throughout the thesis describes future directions 
for research and development.  
1.6  
Gamification appears to be a new set of tools to provide ever deeper levels of 
engagement and increased productivity. Despite its apparent promise, however, not 
every individual likes every game, and no definitive answer as to why gamification 
works or not yet exists. Whilst the majority of gamification applications have drawn on 
the competitive nature of games, much of learning and working is collaborative in 
nature. Introducing competition into environments that are inherently collaborative can 
produce negative effects, but is collaborative gamification the game that everyone wants 
to play? And given that users of any system are unlikely to have homogenous 
personalities, do some individuals perform better in a cooperative environment than in a 
competitive one and vice versa? The remainder of this thesis will explore the potential 
to increase productivity through better understanding of how personality may moderate 
different types of social gamification. 
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2  
This chapter provides a comprehensive review of literature pertaining to the relevant 
topics explored in this thesis. It is divided into four sections. In the first section, 
gamification and the current state of the art with respect to empirical studies together 
with their theoretical groundings are explored in view of the first three research 
questions. In the second section, social interdependence and alternative perspectives on 
competition and cooperation theories are explored leading to presentation of a unified 
framework for competition and cooperation. In the third section, personality traits as 
relating to games and gamification studies and the impact of personality on performance 
are investigated. Finally, in the last section, research literature spanning 
interdependence, personality, and performance are synthesised and developed into key 
hypotheses to be tested in the empirical experiment.  
2.1  
2.1.1 Situating Gamification 
The goal of gamification is to increase participant engagement and influence participant 
behaviour by incorporating game elements in non-entertainment activities (Deterding et 
al. 2011). As shown by the academic literature, gamification is present in many 
disciplines, including computer science, social science, business and management, 
psychology, decision sciences, and economics.  Within computer science, gamification 
research is commonly situated within the areas dedicated to human factors, human-
computer interaction, and computer-supported cooperative work and social computing.  
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Incorporating gaming or gaming elements in non-gaming activities is not a unique 
definition of gamification. Different researchers employ 
denote subtly different concepts, including serious games, i.e., ones created to achieve a 
non-entertainment purpose; augmentation or enhancement of an existing system or 
activity using game elements. Table 2.1 below provides a short summary of related 
terminologies.  
Table 2.1: Related T .  
Concept Definitions Goals 
Gamification Use of game elements in a non-
entertainment context (Deterding et al. 
2011). 
Process of enhancing a service with 
affordances for gameful experiences in 
order to support 
creation (Huotari and Hamari 2012). 
Increase engagement and value creation 
in a non-entertainment activity 
Serious Games A mental contest, played with a 
computer in accordance with specific 
rules, that uses entertainment to further 
government or corporate training, 
education, health, public policy, or 
strategic communication objectives 
(Zyda 2005). 
Any form of interactive computer-based 
game software for one or multiple 
players for use on any platform 
developed to be more than entertainment 
(Ritterfeld et al. 2009). 
Accomplish training, change behaviour, 
raise awareness across a diverse set of 
sectors including scientific exploration, 
healthcare, engineering, business, 
politics, culture, etc.  
Games with a 
Purpose 
A human-based computation technique 
in which humans perform a 
computational process through 
incorporation of game elements (Von 
Ahn 2003). 
Carry out useful human computational 
tasks as a side benefit of game playing.  
Edutainment A combination of education and 
entertainment, refers to any 
entertainment content that is designed to 
educate as well as entertain (Egenfeldt-
Nielsen 2005).  
Educate whilst also entertaining. 
Productivity 
Games 
Games played to achieve some 
productive, useful outcome which may 
not necessarily be computation based, 
i.e., but community improvement (Smith 
2011). 
Create useful outcomes or increase 




Interactive technology designed to 
change user attitudes or behaviours 
through persuasion and social influence 
Cause user behaviour modification or 
attitude change.  
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but not through coercion (Fogg 2002, 
Oinas-Kukkonen et al. 2009). 
Games Structured play, usually undertaken for 
enjoyment. Games are distinct from 
work, which is usually carried out for 
remuneration, and from art, which is 
primarily an aesthetic or ideological 
expression (Wittgenstein et al. 1958). 
A game is a system in which players 
engage in an artificial conflict defined by 
rules and resulting in a quantifiable 
outcome (Salen et al. 2004). 
Uses goals, rules, challenges, and 
interaction to provide fun by producing 
uncertain, non-productive, fictitious 
outcomes (Caillois and Barash 1961).  
Choice 
Architecture 
Design of the manner in which user 
decisions can be presented and framed so 
(Thaler and Sunstein 2008). 
Aid people in making specific 
decisions.  
The concepts embodied in the terms serious games, game-based-learning (GBL), and 
games with a purpose (GWAPs) appear most closely related to gamification. However, 
while in these games, thinking is applied to real world problems, the outcomes are 
usually actual games, acting either as safe environments in which to practice or learn 
new skills or as method  out useful 
computational tasks. In contrast, gamification, as described by Deterding et al. (2011), 
is the incorporation of game elements in real-world systems as a means of increasing 
motivational affordances of the system and enhancing engagement.  
To understand the differences in these concepts, consider ty  as 
an example. A simulation of driving based on a computer or other non-automobile 
device and providing context and guidance would constitute a serious game or game-
based learning approach to driving. A gamification approach, on the other hand, would 
incorporate elements designed to improve driving abilities within an actual vehicle and 
provide user feedback, for instance how economical a particular driving style is, as the 
user drives. A GWAP approach could have the driver report traffic conditions to a 
central system to improve route planning for others. Distinguishing between whether an 
experience is a game or another type of activity augmented with game elements could 
be subjective (Richter et al. 2015). 
Recent economic models of human performance incorporating the social and 
behavioural dimensions of activities have viewed individuals as driven by social 
influences, specifically a tendency to copy the behaviour of others and a desire to fit in 
(Earls 2015). Dubbed behavioural economics (Jolls et al. 1998), these models are being 
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increasingly used in gamification studies (Butler 2015). Choice architecture, framing 
the message so as to influence user decision making (Tversky and Kahneman 1981, 
1986), employs cognitive biases to increase the emotional appeal of one choice relative 
to that of another. Social games such as Farmville, and many others played on social 
networks, repurpose such concepts as reciprocity, i.e., the desire to give back what one 
has received from others, into game elements based on gift giving and designed to 
sustain player engagement in the platform (Deterding 2015). Also aimed at ensuring 
long-term engagement (Hamari 2013) are such game elements as resource decay and 
endowment effect, where artificial reduction in resources coupled with a sense of 
ownership increases participant persistence in attempting to reach a goal (Nunes and 
Dreze 2006). Appointment game elements nudge participants to return to play the game 
at predetermined times. For example, in a randomized controlled trial to improve 
elements has been found to significantly reduce the time required to take measurements 
(Kerfoot et al. 2014).  
The boundary between persuasive technology and choice architecture within 
gamification is not clear cut, and gamification could be viewed as a subset of the former 
in so far as most examples of gamification use interactive technologies to influence 
users to perform a particular activity. Choice architecture, on the other hand, approaches 
decision points within an activity through the lens of behavioural economics, paying 
particular attention to the effects of framing, default selections, and perceived social 
norms (Butler 2015)
viewed as directed and created to accomplish goals. The use of PBL game elements, in 
particular the framing of points and leaderboards, can be manipulated to create different 
reward structures and so affect the means and outcomes of a gamified system.  
-
value from users and employees in return for mere virtual tokens (Bogost 2011). 
Gamification described thusly is a strategy to captivate attention and propel participants 
toward purchasing commodities or pursuing activities that generate revenue and, 
moreover, it does so by altering the way the activity or commodity is represented rather 
than fundamentally changing its underlying purpose. Reassigning new signifiers to the 
a type of playbour, a term coined by Kucklich (2005) to denote activities that combine 
play and labour and so ensnare workers through their need to earn a living and their 
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commitment to self-expression. Whilst play may be voluntary, forced play in 
combination with labour, as in some gamification applications, is viewed as leading to 
worker resistance and by increasing worker interest and motivation. In effect, it is 
argued that gamification exploits participants by not offering a genuine or meaningful 
reward but rather by offering virtual rewards that are designed to increase the profits of 
those who designed the system (Rey 2015).  
Some challenge the validity of the term gamification, asserting that combining the word 
game, a complex and not easily understood medium, with the -ification suffix, which 
denotes a process of becoming, creates a word analogous to beautification (a process or 
mechanism that aims to renders the unsightly attractive) and falsification (a process or 
mechanism that aims to change something in order to make people believe something 
that is not true) (Bogost 2015). However it can be argued that gamification, like any 
other form of persuasion or cognitive manipulation, embodies nothing inherently evil or 
deceptive, but, much like any other medium or technology, can be used positively or 
exploitatively (Anderson and Rainie 2012). 
Based on the gamification literature, the primary purpose underlying studies on 
gamification is to increase engagement and performance, although these studies fail to 
form a coherent discourse on the topic. Moreover, the evidence presented in support of 
gamification often fails to include a thorough exploration of its effects on performance. 
Hence a thorough survey of the empirical evidence so far provided for gamification was 
necessary in order to identify leading research inquiries and current gaps in knowledge. 
The next section offers a detailed literature review on gamification, with a particular 
focus on empirical evidence and theoretical foundations.  
2.1.2 Empirical Studies on Gamification 
Gamification as a whole is a relatively new field of study. The first studies explicitly 
using the terminology appeared in late 2010, and thus far very few established 
theoretical frameworks or a unified discourse has evolved (Landers et al. 2015). As of 
the beginning of 2015, only two meta-analyses of empirical studies on gamification 
have been published.  
The first, carried out by Hamari et al. (2014), examined 24 peer-reviewed studies 
focused on the motivational affordance of gamified systems, i.e., the gamification 
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indicated that gamification seems to produce positive effects, although it does not 
distinguish between effects on motivation and those on performance and it cautions that 
outcomes are greatly dependent on context as well as user (Hamari et al. 2014).  
More recently, Seaborn and Fels (2015) carried out a systematic survey on the use of 
gamification from a human-computer studies perspective, noting the diverse meaning 
and contradictory uses of the term gamification, the little empirical work performed to 
validate gamification concepts, and incongruities within the empirical findings.  
Neither meta-analysis revealed whether gamification is effective in increasing 
performance. Given the current limited knowledge within the domain, critically 
examining the efficacy of gamification as it impacts performance through a detailed and 
systematic literature review following the methodologies of Cook et al. (1997) and 
Tranfield et al. (2003) was undertaken.  
Research questions Q1 to Q3 as highlighted in the introduction served as a starting point 
for this initial literature review, which focused on the sum of empirical evidence of 
gamification  impact on user motivation and performance, the use of game elements 
within gamification, and the theoretical frameworks utilised within the design or 
explanation of the study results.  
2.1.2.1 Data Collection and Analysis Method 
The terms gamification  and the wildcard gamif* , which encompasses such 
, and 
study body and title searched in Google Scholar, Microsoft Academic 
Research, ScienceDirect, ACM Digital library, EBSCOHost, IEEE, Elsevier, Ethos, and 
Scopus yielded a total of 2750 published papers. Filtering these studies to ones 
specifically containing the keyword in either title or abstract produced a list containing 
around 300 studies.  
Those studies from among the 300 containing empirical research were identified. Peer-
reviewed empirical studies containing reports of findings on gamification impacts and 
outcomes using only randomized control trials (RCTs) and quasi-experiments 
constituted a relatively small number of studies (n < 20). For this reason, the type of 
studies to be reviewed was broadened to include case studies and surveys, thus 
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increasing the total number of studies for detailed examination to 55. Appendix 1 
contains the list of coded studies together with a summary of high level outcomes.  
Due to the widely diverse reporting used in these studies, computing effect sizes for a 
systematic meta-analysis as described by Borenstein et al. (2009) did not provide a 
comprehensive outcome. Therefore a literature review based on a similar review by 
Connolly et al. (2012) on empirical evidence of serious games was undertaken, and 
effect sizes taken into consideration where available.  
These studies (n=55) were coded using a data extraction pro forma (Connolly et al. 
2012) and categorised as follows according to several salient dimensions:  
: Examining the observed 
frameworks used to underline or explain the effects.  
Impact of g : Examining the observed 
quality of output or, where available, on accuracy and speeds.  
Use of game elements in gamification: Investigating the use and effects of 
specific game mechanisms, also referred to as motivational affordance 
mechanisms, on outcomes.  
Theoretical frameworks used in gamification: Considering underlying theories, 
identified through citations and references made by each s  authors.  
The following sections report the empirical observations made from the studies 
explored. 
2.1.2.2  
Motivation is a theoretical construct that encompasses internal and external factors 
which cause an individual to behave in a specific way (Padree 1990). Its study seeks to 
explain causality, intensity, and persistence of behaviour. The general theme of 
motivational theories is to integrate and unify assumptions into a coherent whole, 
including the notions that motivation benefits adaptation, directs attention, influences 
the stream of behaviour, includes approach and avoidance tendencies, and reveals wants 
and desires (Reeve 2001).  
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Increasing user motivation is regarded as a key defining feature of gamification 
(Zichermann and Linder 2010).  
 
Figure 2.1: Motivational Effects of Gamification. 
From the 55 gamification studies examined, 62% (n=34) reported on the motivational 
aspects of participants engaging through gamification. Of these studies, 94% (n=32) 
reported a positive motivational effect resulting from incorporation of gamification, 
strongly suggesting that gamification consistently increased participant motivation in 
completing or undertaking study tasks. This finding is consistent with the general 
findings of the gamification meta-analysis of Hamari et al. (2014). 
Unfortunately, the methodologies used to measure motivation across studies were 
inconsistent. Just two studies (n=55) used a validated questionnaire; Ong (2013) 
assessed motivation through two sub-scales of the Dundee Stress State Questionnaire 
for Success Motivation and Intrinsic Motivation (Matthews et al. 1999 and 2002); and 
Brauner (2013) measured motivation by a scale from Schuler (2004). Only one study 
considered the longitudinal impact of motivation (Hamari et al., 2013), and 40% (n=22) 
of the studies examined did not report any motivational factors. Whilst the decision to 
exclude motivation may be due to an alternative focus on the part of the researchers, the 
possibility that the researchers were reluctant to report negative results, a form of 
publication bias established by Olson et al. (2002).  
Critically, whilst existing research and literature on the link between motivation and 
performance reports an unequivocal positive correlation, when factors such as ability 
and opportunity (Blumberg and Pringle 1982, Siemsen et al. 2008, Wyatt 1934) are 










REPORTED MOTIVATIONAL EFFECT OF 
GAMIFICATION (N=55)
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reported. Thus, the reports on motivation, as indicated by the gamification studies 
explored, do not appear to provide a reliable measure of outcomes.  
2.1.2.3  
Gamification efforts are generally aimed at improving engagement in order to increase 
the performance or outcomes associated with a given situation, whether this be 
achieving higher levels of student learning, increasing sales, improving collaboration 
between colleagues, or increasing visitor effort level. In summary, the underlying 
purpose for incorporating gamification is to encourage participants to expend more 
energy and perform at higher levels (Unger et al. 2013).   
Empirical studies on gamification typically report impact or changes in performance or 
productivity, i.e., effectiveness of effort, due to the introduction of gamification 
elements. Ideally, such studies incorporate a control or pre-post setup in comparison to 
which the effects (with respect to quality or quantity of 
productivity) of incorporating such elements can be measured. Over half, 54% (n=30), 
of the studies incorporated such a control or pre-setup measure. The failure to measure 
output impact in 44% (n=24) of the empirical studies, certainly a matter of concern, was 
partially due to the inclusion of case studies and post-hoc questionnaires or other 
qualitative methods which lacked an effective means of comparison with non-use of 
gamification.  
 
Figure 2.2: Reported Effect on Performance. 
Although 25% (n=14) of studies claimed to report performance, 












REPORTED EFFECT ON PERFORMANCE 
(N=55) 
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15% (n=8) of studies reported no statistically significant impact or decrease in 
performance due to its presence. Thus, taken together, in 84% of empirical experiments 
on gamification, impact on performance is either not reported, inconclusive, statistically 
insignificant, or negative. Put another way, in just 16% (n=8 from n=55) of all studies 
examined, output was reported as significantly improved, a finding that agrees with the 
meta-analysis by Hamari et al. (2014), wherein 10% (n=2 from n=22) of studies 
examined suggested a significant positive effect across measured factors. 
Further validating the finding that 84% of studies fail to support gamification as a 
method of increasing performance is 
November 2012 that, by 2014, 80% of gamification attempts would fail to increase 
performance. In a private, unpublished interview, Brian Burke (MWC2015) explained 
the methodology used to derive the figure 80%. The total number of commercial 
initiatives which publicly announced their intention to use gamification was later 
compared to the proportion of those subsequently reporting positive impacts, and only 
around 20% of projects reported positive outcomes. The Gartner report therefore 
inferred that, for the remaining 80%, gamification had probably failed to live up to 
expectations, most likely due to inappropriate design.  
In summary, gamification appears to be less effective in boosting performance than 
much of the marketing and hype (Zichermann and Cunningham 2010) would suggest, 
thus the following sections explore the elements that contribute to its success and 
failure.  
2.1.2.4 Theoretical Frameworks in Gamification 
Theory can serve to ground and explain a phenomenon, and a good theory can act as a 
scaffolding for building more successful applications. From the 55 empirical studies 
examined, 60% (n=33) cited at least one theoretical framework as a part of the 
experimental design or an explanation of observed outcomes. From the studies citing 
theoretical framework, 39% cited self-determination theory (Ryan and Deci 1985), 27% 
cited flow (Csikszentmihalyi 1991), 24% cited intrinsically motivating instruction 
theory (Malone 1981), 18% cited player type (Bartle 1996), 15% cited goal-setting 
theory (Locke et al. 1990), and 12% cited hierarchy of needs (Maslow 1943). Other 
theories mentioned by less than 10% of the sub-sample included social proof (Cialdini 
1993), game flow (Sweetser and Wyeth 2005), cognitive dissonance (Festinger 1962), 
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expectancy x value (Vroom 1964), self-efficacy (Bandura 1997), and achievement 
motivation (Elliot and Church 1997). 
Reeve (2001) provides a comprehensive and detailed analysis of current motivational 
theories, incorporating 24 theories in an overarching framework that explains 
motivation in terms of behaviour and physiology. Of these 24 primary motivation 
theories (Reeve 2001), only four theories were cited in the gamification studies 
examined for this study; these four self-determination (Ryan and Deci 1985), flow 
(Csikszentmihalyi 1991), hierarchy of needs (Maslow 1943), and goal setting (Locke et 
al. 1990) are commonly used by researchers in the gamification field. This finding 
indicates that gamification researchers have yet to reconcile their efforts with the 
established field of motivational research, but recent researches, such as that by Richter 
et al. (2015), have proposed unified models of motivation with respect to gamification.  
The next section explores use of the most cited motivational theories, 
specifically, their application in defining or explaining the phenomenon of gamification 
and its impact on performance.  
2.1.2.5 Motivation and Performance 
The observed disparity between reported motivational effects and performance in the 
gamification literature requires further exploration. As noted by Seaborn and Fels 
(2015), some authors within the field appear to lack an in-depth understanding of 
motivation and related theories. To this end, this section explores the use of 
motivational theories within the field in greater detail, paying particular attention to the 
most often used theories and drawing upon more recent efforts to unify the 
understanding of the role motivation plays in gamification.  
Motivation theories can be classified according to two types of categories: natural (i.e., 
needs, drives, desires) versus rational (i.e., self-identity, meaningfulness, and 
instrumentality) and content versus process (i.e., 
include incentive theories of intrinsic (internal) motivation and extrinsic (external) 
motivation.  serves as a motivator,  
hierarchy of needs (1967) or self-determination theory by Ryan and Deci (2000a). 
as in the goal-setting theory of 
Locke and Latham (2002) and the expectancy theory of Vroom (1964). 
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Intrinsic and Extrinsic Motivation 
The most cited motivational framework in the studies explored concerned the 
distinction between intrinsic and extrinsic motivation, with 57% (n = 19) of the 33 
studies citing the dissimilarity of the two. Extrinsic motivation is dependent on external 
factors and outcomes. For example, offering virtual money or points within a gamified 
system acts as an incentive for participants to carry out some desirable action. The aim 
of the extrinsic motivator is to produce approach behaviour, whereas the prospect of 
losing external elements may lead to defensive avoidance behaviour. Thus, the external 
incentive (money, points) elicits a behaviour which the participants are likely to 
associates with rewarding or punishing consequences (Ryan and Deci 2000).   
Intrinsic motivation, the self-interest and satisfaction that drives 
is viewed as a critical component of optimum experiences (Gagne and Deci 2005), i.e., 
influencing a user to undertake an activity because it is enjoyable is superior to 
employing external motivation as a motivator. Although the majority of gamification 
studies adopt this stance, discussions on methods to operationalise increased intrinsic 
motivation are lacking. Janitzek (2012) suggests the use of competition as a method for 
increasing intrinsic motivation but offers no validation. Whilst some individuals may 
indeed be intrinsically motivated by competition, its effects are not always positive 
(Johnson et al. 2005). Foster et al. (2012) state that, whilst intrinsic motivation appeared 
adequate for the majority of student subjects participating in their study, a significant 
minority required continuous prompting and extrinsic feedback or they simply lost 
focus, thus suggesting that external incentives may be a critical component in 
motivating some participants.   
that providing a meaningful framing in the gamification application causes participants 
to experience a stronger internal urge to complete tasks associated with it than 
otherwise. Other researchers (Deterding et al. 2011, Nicholson 2015) in gamification 
share this view and call for meaningful interactions focused on increasing the perceived 
value of the activity to be placed at the heart of the process. Despite this, researchers 
such as Mollick and Rothbard (2013) and Herger (2014) describe gamification as a 
method for engaging workers in tasks without intrinsically motivating them and identify 
it as an evolution in management  relationship with employees and in how individuals 
, 
argue Mollick and Rothbard (2013), thus rendering efforts to make the work more 
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meaningful no longer necessary. Although this position lacks empirical support, it 
appears in the marketing of many commercial products, where gamification is heralded 
as the solution to lack of engagement.  
Whether a given motivator is perceived as extrinsically or intrinsically motivating 
depends on the individual and on contextual factors (Deci et al., 1999), and an objective 
distinction between these motivators, as some studies have suggested (Gnauk et al. 
2012), is not possible. For instance, Zineddine (2012) and Xu (2011) amongst others 
have identified the game element badges as an extrinsic motivation. However, attaining 
badges may be perceived as intrinsic to the player, as found in a study by Firth (2013) 
on Foursquare. So whilst a reward may be viewed as extrinsic, the intrinsic desire for it 
the activity.  
Self-Determination 
In exploring the motivational theories cited by gamification researchers, self-
determination theory (SDT) was the most frequently cited. Developed by Richard M. 
Ryan and Edward L. Deci (1991, 1995, 2000a, 2000b), SDT was built on organismic 
theories which emphasise the person-environment dialectic and identify the three 
motivational factors within an  follows: autonomy, 
-volition; competence, the need to 
develop mastery; and relatedness, the need to empathise with, associate with, and relate 
to other people.  
Gamification researchers interpret SDT inconsistently, particularly  autonomy 
aspect. Whereas some view autonomy within gamification as simply giving the subject 
more designer-specified choices (Janitzek 2012, Donovan 2012), this interpretation 
within gamification may be at odds with the core concept of autonomy, where self-
, and desires guide the 
decision-making process with respect to engaging in a particular activity.  Heteronomy 
is performing activities at the direction of an external regulator, such as the designers of 
a gamification system. Whilst autonomy leads to feelings of control, imposing a 
heteronomic reward system on an individual may cause the individual to fail to perceive 
they are acting with autonomy (Sicart 2015).  
Participant perception of competence or mastery appears consistently across the studies, 
perhaps as the concept of improving abilities is relatively straightforward and a general 
basis of many games. Gamification elements act as feedback to inform the user as to 
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status or score and thus act as a means to encourage improvement of abilities (Osheim 
2013). 
Social comparison theory, a part of cognitive dissonance theory, states that individuals 
seek to determine their social and personal standing based on how they compare against 
others whom they perceive as similar to themselves (Festinger 1954 as quoted in 
Vassileva 2012). Individuals then seek to enhance their abilities relative to their 
perception of standing amongst their peers, with maximum effort expended by an 
individual perceiving his performance as relatively lower than those viewed as inferior 
with respect to the specific ability (Suls et al. 2002).  
Flow Theory 
Flow has been demonstrated to increase performance in a wide range of activities 
(Csikszentmihalyi 1975, 1991; Demerouti 2006). Pates et al. (2003) describe flow as a 
state where skill and difficulty involved in achieving a task are in balance, i.e., a task 
perceived cognitively and affectively as neither too difficult, leading to anxiety, nor too 
easy, leading to boredom. Game-flow theory, developed by Sweetser and Wyeth (2005), 
provides a framework for quantifying play and enjoyment in games based on flow 
, and immediate feedback are identified 
as antecedents to achieving flow in game and online platforms (Chen 2006, Sweetser 
and Wyeth 2005). A range of studies, including Eickhoff (2012), Korn (2012), and Ong 
(2013), utilise flow and game-flow theories to describe the principles behind their 
gamification designs, focusing in particular on appropriate challenges where the activity 
is neither too difficult nor too easy for the participant. Given the diversity of ability and 
interests of users of a system, the system would need to adjust the level of challenges in 
ability level. However none of the studies examined 
discuss or describe techniques to personalise the experience to different individuals, 
such that they experience flows.  Thus, whilst flow theory is cited by a range of 
researchers, since operationalized methodologies based on its assumptions are lacking, 
the theory is at best underutilised and at worst cited without merit.  
2.1.2.6 Game Elements 
The key components of most games are interaction, goals, rules, and rewards (Salen and 
Zimmerman 2004). Gamification uses similar components, in particular goals and 
rewards, as the principal methods of communicating the activities to be completed by 
the participant (Deterding et al. 2011, Seaborn and Fels 2015). In the gamification 
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studies examined, 72% (n=40) explicitly reported the game mechanisms utilised by the 
researchers.  
Table 2.2 below provides a short description of each of the game elements together with 
their observed prevalence within the study sample. These game elements are also 
referred to as motivational affordance mechanisms of gamification  by some 
researchers (Deterding 2011, Hamari et al. 2014, Nicholson 2012). Motivational 
affordance is derived from affordance theory (Gibson 1977), which describes the 
relationship between an entity that affords an opportunity for the subject to perform 
some action and the subject.  
The overall findings are in line with similar studies in identifying the most common 
game elements used in gamification, i.e., points, badges, and leaderboards (Hamari et al. 
2014, Nicholson 2013).  In addition, role play, storyline, tangible rewards such as 
prizes, progressions, and challenges are also used to a lesser extent as noted by others 
(Nicholson 2013, Werbach and Hunter 2012).  
Table 2.2: Prevalence of game elements within empirical studies on gamification. 
Game 
Elements  
Brief Description Alternative Terms Sample 
(n=40)* 
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Game Elements as Feedback and Rewards 
Incorporating game elements into an activity does not guarantee that the system  
will perceive it as having greater utility, being easier to perform, or being more fun to 
use. Fundamentally, gamification systems are additional layers added onto existing 
systems. Interactivity, which provides two-way communication between a subject and a 
system or other person, requires a system that provides feedback in response to the 
 
Feedback is a cause-and-effect process and is commonly divided into two types: 
positive feedback and negative feedback. Although the term was coined in 1909 by 
Nobel laureate Karl Ferdinand Braun to describe coupling between components of 
electronic circuits, the terms is now widely used across many domains. In gamification, 
the term feedback is used interchangeably with rewards and is provided through such 
game elements as points and playing levels (Surugiu 2014, Codish and Ravid 2014). 
In psychology, the effects of feedback can be traced back to behaviourist theories, as 
noted in the law of effect (Thorndike 1914) and operant conditioning (Skinner and 
Holland 1961). The law of effect states that positive feedback provides positive 
reinforcement of behaviour whilst negative feedback acts as punishment or negative 
reinforcement and that both improve performance. As Kluger and DeNisi (1996) noted, 
considerable scientific debate has occurred as to the degree to which rewards and 
punishments are effective in guiding behaviour, arguing that whilst the law of effect has 
considerable empirical evidence, it also has the advantage of parsimony and is too broad 
to explain the associated empirical complexities (Kluger and DeNisi 1996).  
Reinforcement mechanisms such as points used in gamification are found in design 
frameworks for persuasive technology, the use of digital technologies to modify 
2). Various authors (Wu 2012, Zichermann 
and Cunningham 2011) have adopted these as a principle lens for viewing and 
designing gamification as a system of optimal stimuli and reinforcement (Deterding 
2015). Reward and punishment as reinforcement mechanisms have a long tradition in 
Skinner B 3), wherein animals 
placed in a box are rewarded or punished depending on either a time or some other 
specific response, such as pressing a lever for food. However, equating such reward-
based elements as points and leaderboards to a reinforcement framework has drawn 
strong criticism of gamification as a modern version of a Skinner Box (Bogost 2011b) 
which make extensive use of both positive reinforcement, as in gaining points or 
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position in leaderboards, and of negative reinforcement or punishment, as in losing 
points or ability. For example, in Farmville (Chang 2012) if crops are not harvested 
within a certain time interval, they die. Within gamified application, designers have 
tended to make minimal use of aversive contingencies (situations that players wish to 
avoid), fearing that these may lead to disengagement (Linehan et al. 2015). This rather 
one-sided use of reinforcement may help explain why some gamified systems fail to 
engage (Foster et al. 2012). Critically, in order to apply reinforcement techniques 
effectively, the nuanced difference between a reward, a stimulus given to a participant 
on the assumption that it increases the chances of a behaviour being repeated, and its 
specific reinforcer, a stimulus that has been observed to increase the intended 
behaviour, must be understood and explored. Researchers have argued that, in order for 
reinforcement mechanisms such as points and leaderboards to be effectively applied in 
gamification, careful observations and measurement of behaviour as to specific 
consequences of use of reinforcers or punishers must be captured and analysed rather 
than simply assumed and that this should constitute an integral part of the development 
process (Linehan et al. 2015). 
Feedback is a vital component of any learning environment and a critical feature of 
interactive games. Feedback supports self-efficacy and self-regulation and provides 
direction and guidance for performance (McNamara et al. 2009). McNamara et al. 
(2009) highlight three forms of feedback within digitally enhanced learning systems:  
information-feedback, where a specific feedback provides insight as to quality or 
accuracy of a ; consequence-
action as, for example, when a wrong action by the player leads to that player losing a 
life; and point-feedback, where points can be cumulated over multiple performances 
through progress boards or levels to indicate directly or indirectly the accuracy or 
quality of actions.  
Some of the studies that provided evidence for improvement in performance reported 
substantial improvements, as, for example, the experiment by Berengueres et al. (2013) 
on rate of student recycling, which measured a 300% improvement in the rate of 
recycling by providing a simple feedback mechanism, thereby demonstrating that a 
gamification system does not have to be complex in order to affect behaviour. Indeed, 
the literature on changing behaviour suggests that small changes can result in profound 
differences in outcome (Thaler and Sunstein 2008).  
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Feedback or rewards can also have negative consequences, as, for instance, in the study 
of Hamari and Koivisto (2013) where badges are provided on a continuous basis 
without denoting any real achievement. As demonstrated by Lawrence et al. (1962), 
activity.  Hamari and Koivisto (2013) observed that the group provided continuously 
with badges did not exhibit a statistically significant improvement in performance, 
apparently contradicting that awarding of badges increases 
performance. However, , receipt of badges were generally 
regarded as significant achievements by the players, requiring the completion of a 
variety of activities, with many badges being deemed as rare or difficult to earn. In 
contrast, the experiment of Hamari and Koivisto (2013) rewarded participants 
automatically and continuously with little variety, hence causing them to be perceived 
as less valuable or significant.  
In studies where performance was seen to decrease, insufficient attention to the user-
experience design and lack of deep expertise in interaction design on the part of the 
software developers appears to have been a factor in at least some of the experiments 
conducted; comparing the interfaces presented to users in these study experiments with 
established design practices (Crumlish and Malone, 2009) supports this hypothesis.  
Points in Gamification 
In the gamification studies explored, 73% (n=40) utilised points as a feedback or reward 
mechanism.  In one of the largest empirical studies, polling 3,500 participants, Thom et 
al. (2012) found that removal of a point-based incentive system significantly reduced 
overall contributions (F(1,1717)=38.24, p<.0001), thus suggesting a strong 
link between gamification and the motivational affordance offered by points, 
particularly where points are used as a method of providing utility.  
However, the tendency of gamification systems to rely on point accumulation, i.e., 
numeric units earned as a result of performing an activity (Seaborn and Fels 2015), does 
not always produce a positive behavioural outcome (Deterding 2014), particularly 
where points are devoid of meaning in so far as they fail to 
goals or genuine interests (Mekler et al. 2013). Indeed, researchers have used the term 
in a derogatory sense (Kotini and Tzelepi 2015, Rughinis 2013) to 
identify the practice of gamifying a system simply by adding points rather than 
developing the rules or structure that would make a real game interesting.  
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Awarding 
designers is a subject of serious derision by gamification researchers; for instance, 
Nicholson (2015) compares it to treats given to dogs to get them to behave. Indeed the 
reinforcement theory 
(Skinner 2014), where extrinsic rewards reinforce specific behaviours. The pattern of 
awarding points (Lillienfeld et al. 2009) can elicit different performance levels. For 
instance, variable reward schedules, where rewards are given at non-fixed time 
intervals, appears to result in a higher level of performance in comparison to a fixed 
reward schedule, wherein the participant knows specifically when the next reward will 
come (Lillienfeld et al. 2009). All types of gambling operate on a partial or variable 
reinforcement schedule, where the player is periodically surprised by the outcomes 
(Sharpe and Tarrier 1993). The notion of surprise is also, according to Malone (1981), 
deemed a critical component of engaging the curiosity of learners, and recent research 
has demonstrated that the element of ploration 
(Stahl and Feigenson 2015). Despite the mounting evidence that employing variable 
rewards has the potential to increase performance, given their semantic proximity to 
notions of rewards in a gambling context and the possible perception of unfairness (i.e., 
when two students carry out the same activity at the same level of competence but 
receive differing reward amounts), their use remains limited. None of the studies 
reviewed appeared to have used variable rewards.    
Mekler et al. (2013) found that points used as an extrinsic motivator appeared to 
increase the quantity of tags produced but had no impact on the quality of the tags 
generated by the participants within a gamified system. However, by associating a 
specific meaning or narrative to the effort to accumulate points, for example by framing 
the activity in terms of supporting a non-profit organisation, the most amounts of time 
and the highest quality performances resulted. Ong (2013) found a similar effect when 
comparing and combining the use of points and narrative, revealing that employing 
points alone increases quantitative measures of task performance while narrative 
increases intrinsic motivation and quality of output.  
A design employed in a study by Burkey et al. (2013) increased cooperation among 
team members and improved student attitudes within a laboratory course, although no 
significant improvements in student grades were achieved. The design incorporated 
points of two types, recognising reputation and experience, depending on whether 
quests or other achievements were completed. The points 
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was then normalised by the number of students within each team, thus ensuring that an 
individual's success ultimately rested on the totality of all team members  contributions, 
and so provided a reference and framework for increased cooperation.  
Thus, whilst points as a feedback mechanism enable users to gauge their performance, 
the context and meaning of the points themselves change the perception of their efficacy 
and regulatory properties. Points can be used in a variety of forms as progress 
indicators such as progression bars; as a method of achieving rankings and so leading to 
or triggering competition (Liu et al. 2011); as a means of measuring reputation (Prause 
2013) such as Karma points, which may lead to cooperation or competition; or simply 
as a way to encourage self-mastery without any social comparison (Richter et al. 2015).  
Goals in Gamification 
Of the studies examined, 28% (n=11) used goals explicitly as a gamification element. 
Goal-setting theory as an approach to increasing performance first appeared in the 
1930s (Latham and Pinder 2005). Locke (1968) laid the foundation for goal-setting 
theory by establishing a positive relationship between identified goals and performance. 
Locke and Latham (1990) demonstrated that goals can increase performance by 
motivating participants to exert greater effort, encouraging them to persist, and guiding 
their actions toward specific outcomes. Furthermore, goals where performance 
outcomes are given feedback publicly (within the group) have been shown to strengthen 
 (Hollenbeck et 
al. 1989, Jung et al. 2010, Mowday et al. 1979).  Meyer (2003) further developed a 
goal-setting framework that maximised the effect of goal setting through use of goals 
that were specific, measurable, achievable, realistic, and time targeted.  
The Hamari (2013) study examined the impact of goal-setting on quantity and quality of 
and observed no relationship between goals set 
by the system and output. Lack of utility afforded by the goals presented within the 
system and the introduction of goals long after the launch of the service, thereby making 
them unexpected and unfamiliar to users, may account for this outcome. Mollick (2013) 
potential negative effect possibly leading to loss of motivation.  
In a study of virtual achievement by Denny (2013), goal-setting resulted in a highly 
significant positive effect on the quantity of participants  contributions without a 
corresponding reduction in their quality. Specifically, use of goals resulted in a 22% 
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increase in number of questions answered (Mann-Whitney U=116386.5, Z=3.45, 
WithGoals=516, WithoutGoals=515, p<.001). In examining the effects of goal-setting 
across the studies, it is the utility of goals that drive motivation. 
Leaderboards in Gamification 
A leaderboard is a game mechanism consisting of a visual display of users or groups 
ranked according to their score or accomplishments. Gamification researchers have 
described leaderboards as supporting the need for status, recognition, belonging, and 
prestige in order to strengthen competence and mastery (Dominguez et al. 2012, 
Mollick et al. 2013, . The general nature of leaderboards provides a 
competitive framework where users compete to obtain higher ranking based on their 
efforts. However as highlighted by Nicholson (2013), while the presence of 
leaderboards could encourage some, it could discourage others; those ranked high on 
the leaderboard may enjoy a sense of superiority which prolongs their engagement 
whilst those at the bottom may be demotivated and give up as they perceive little chance 
of catching up. 
Social comparison theory has been used to explain the motivational effects of 
leaderboards (Heinzen et al. 2015, Vassileva 2012). In the context of social comparison 
theory, upward comparison (comparing oneself with those ranked higher than oneself 
on the leaderboard) may offer hope or inspiration, i.e., a 
effort for higher achievement (Buunk et al. 2005, Collins 1996), whilst downward 
comparison (comparing oneself with those ranked lower than oneself on the 
leaderboard) may provide a sense of pride or achievement. However, researchers have 
argued that social comparison may elicit significant negative consequences, whereas 
upward comparison 
determined to be lower than that of another, contradicting the individual
himself as in fact worth more. Downward comparison may provoke negative feelings or 
resentment, as one individual perceives himself as working much harder than others, 
who are free riding, particularly if the individual views their potential future success as 
predicated on the actions of those others (Buunk et al. 2001, Buunk et al. 2005). Other 
studies concerning effects of leaderboards in gamification on academic achievement 
support social comparison processes, empirically demonstrating that leaderboards can 
produce unexpected effects which negatively impact performance (Christy and Fox 
2014, Hanus and Fox 2015).  
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Thus, the presence of leaderboards, as with other game elements in gamification, does 
not guarantee increased motivation or performance. Instead, their impacts may, to a 
greater extent, be linked to their perceived meaning by the participant driven by the way 
in which they are framed and communicated.  
2.1.2.7 Unintended Outcomes 
Gamification of astronaut training, the topic of an empirical study by Cornelissen et al. 
(2012), found that not only did gamification reduce user motivation but it also had a 
detrimental effect on training outcomes. Review of this study indicated that the cause of 
the negative outcome was lack of appreciation 
design. Some participants, particularly those who were not used to such game-like 
features as achievements, found the application too child-like and were demotivated by 
the sense of micro-achievement associated with this type of training. These users, many 
of whom appear to have been older astronauts and trainers, argued that learning to use 
the astronautical equipment  enough motivation for prospective students 
and that the inclusion of gamification detracts from the seriousness of the learning 
activity.   
Dumitrache et al. (2013) found that, rather than improving outcomes directly, the 
inclusion of gamification shifted the focus of the participants from creating new tags to 
evaluating tags that others had suggested. Enabling participants to access and comment 
ulted in fewer tags being generated and a reduction in 
s rather than 
contribute a fresh tag. Unintended consequences are an important aspect of 
gamification, as additionally noted by Xu (2011) and Landers et al. (2011), possibly 
including increased unethical behaviour or reduced motivation (Locke and Latham 
2009, Zhao et al. 2010). 
Kani et al. (2013) studied the effects of gamification on CAPTCHA, which asks a user 
to verify that they are human rather than machine. The impact was an increase of 28% 
(n=10) in user satisfaction in the gamified system contrasted with the non-gamified one. 
This increase in satisfaction did not, however, result in increased performance since the 
gamified system took 30 seconds per action compared with the 5 seconds per action for 
the non-gamified version. Participants attributed the increased satisfaction to the 
increased entertainment value of the activity. Therefore, in this instance, whilst 
gamification improved task satisfaction, it was detrimental to overall performance.  
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2.1.3 Summary of Gamification Review 
Exploring the sample of empirical studies on gamification revealed that most lacked a 
robust methodological approach; this lack manifested as not including comparison 
groups, overreliance on a singular measurement, short treatment, and absence of 
validated measures, observations echoed by Hamari et al. (2014) and Heinzen et al. 
(2015). 
Whilst generalisation given the diversity of the studies is difficult, in summary, of 
studies that demonstrated an improvement in outputs, the emerging theme appears to be 
enabling participants to better structure and verify their activity whilst receiving 
feedback within a social setting.  
Leading researchers in gamification (E. T. Chen 2015, Hamari 2013, Nicholson 2015) 
have identified the importance of building a community of committed individuals 
aligned with the gamificat critical to its success. They note that 
enabling exposure by participants to the attitudes of others and allowing participants to 
give and receive feedback through the gamification positively influences their 
motivation.  As explored in goal-setting theory (Locke and Latham 1990), commitment 
brings forth a willingness to promote and recommend the service and thereby increase 
retention and acquisition of new users. In practice, Hamari (2013) suggests imbuing 
gamification with elements that increase social interaction among the cohort, in 
particular, by incorporating actions that enhance social influence and the perception of 
reciprocal benefits.  
In summary, studies which displayed the greatest increase in performance tended to 
share an appreciation for good social design patterns where the needs and goals of the 
users, as part of the community of users, form the heart of the design. Developing a 
meaningful game-based experience that connects the underlying non-game settings and 
theoretical framework for meaningful gamification. 
2.2  
Research literature on cooperation and competition has a long history beginning in the 
late 1800s. Triplett (1897, as quoted in Johnson and Johnson 1974) demonstrated that 
performance of both children and adults improves when they are placed in groups rather 
than isolated from others. 
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In the early 1900s, Kurt Koffka  theory that groups were dynamic wholes in which 
interdependence between members could impact their effectiveness gave rise to field 
theory. Between the 1920s and 40s, Kurt Lewin (1935, 1948) refined Koffka's notions 
of interdependence further with the principle of contemporaneity. Where social 
behaviour is inherently contextual, an individual's understanding of the environment he 
perceives himself as contending within determines his actions as his behaviour unfolds. 
Since life is dynamic, an individual s perceptions of situations change according to 
perceptions of desired goals and the environment (Johnson and Johnson 2005).  
Lewin proposed that the essence of a group is interdependence among members and the 
perception of common goals in conjunction with collective motivations. In 
interdependence, group members share common goals, resulting in a dynamic 
interaction such that a change in state by any one member of the group changes the 
states of the other members. Moreover, an intrinsic state of tension exists among group 
members and motivates collective movement toward the accomplishment of the desired 
common goals. In still further research, Lewin contended that the drive for goal 
accomplishment motivates cooperative and competitive behaviour (Tjosvold and 
Johnson 2000). Social interdependence exists when individuals have overlapping goals, 
and each individual's outcomes are affected by the actions of the others (Deutsch 1949a, 
1962; Johnson and Johnson 1989; Johnson 2003). 
2.2.1 Theory of Cooperation and Competition 
Although the terms cooperative and competitive are sometimes used to denote 
individual dispositions or behaviours, the concepts in their intended frame of reference 
denote perceptions of a given situation by those taking part, including the consequences 
in relation to others that their behaviour would entail. Extending Lewin's reasoning 
about social interdependence, Deutsch formulated a theory in which cooperation and 
competition are two opposing types of social interdependence forming a continuum 
(Deutsch 1949a, 1962), where cooperation can be thought of as positive 
interdependence and competition as negative interdependence. The absence of social 
interdependence and dependence results in individualistic efforts.  
In the eleven decades since Triplett (1898) conducted his studies on competitive 
performance, more than 1,200 studies have explored the relative merits of cooperative, 
competitive, and individualistic efforts within small groups, representing one of the 
largest bodies of research within the field of psychology. Building on the works of 
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Deutsch, in the early 1970s, researchers David Johnson and Roger Johnson began 
theorizing about and researching cooperative, competitive, and individualistic efforts. 
Over the last 40 years, Johnson and Johnson have published over 100 research studies 
on this topic, particularly as it relates to learning and education (Johnson and Johnson 
2009).   
In formulating the theory of competition and cooperation, Deutsch (1949a, 1962) made 
a number of assumptions, one of which was that goals are defined as singular instances, 
objectively categorisable into one of the three categories cooperation, competition, 
and individual. However, in the complexity of the real world, individuals often have 
multiple goals, and so cooperative, competitive, and individualistic goals may be 
present simultaneously in the same situation. roups were assumed 
to be small in size, not necessarily a valid assumption in the real world. In addition, it 
assumed that all participants possessed equal power, whereas the distribution of power, 
almost always unequally distributed, has been shown to have considerable effect on 
motivation (McClelland 1987) and productivity (Tjosvold 1990). The theory assumed 
individuals to act in their best self-interest rather than imitating others in herd-like 
behaviour, as has been shown to be the case in reality and thus to impact actions (Earls 
2009). Deutsch further assumed that a situation was independent of past events, rarely 
the case in real life (Johnson 2005). 
2.2.2 Positive Interdependence (Cooperation) 
Positive interdependence exists where the structure of interactions between individuals 
is positively related, such as when participants within a group can only succeed if all 
group members succeed, i.e., e
-win as suggested by Johnson and Johnson (1998). 
Positive interdependence can occur through outcome interdependence, means 
interdependence, or boundary interdependence (Johnson and Johnson 2005). Outcome 
interdependence consists of goals interdependence and rewards interdependence. Means 
interdependence is said to exist if one or more dimensions of a resource, role, or task are 
interdependent within the team.  
Positive goal interdependence exists when individuals perceive the attainment of their 
own goal as predicated on all other individuals with whom they are cooperating. 
Johnson et al. (1991) reported positive goal interdependence as resulting in increased 
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performance through higher achievement and greater productivity in contrast to 
resource interdependence (described below).  
Positive reward interdependence exists when the incentive structure is inherently 
cooperative, such that group members receive a collective reward or each receives a 
reward equal to that of other members for successfully completing a joint activity. 
Johnson and Johnson (1989) identify positive reward interdependence as having the 
highest positive impact on task-related efforts where all individuals contribute to 
attaining the collective reward. Furthermore, performance level increases when both 
goal and reward interdependence are present (Lew et al. 1986, Mesch et al. 1988). 
Resource interdependence exists when no one individual within the collaborative team 
controls all resources, information, or materials needed to complete the task. Thus, 
resource interdependence requires members to combine resources in order to complete 
the collective objective.  
Oritz et al. (1996) demonstrated that resource interdependence not combined with other 
positive interdependences can negatively impact performance in contrast to 
individualistic effort. When individuals share resources without having common goals 
or rewards, their focus shifts more toward obtaining the resources of others and less 
toward sharing their own, thereby reducing overall performance level (Johnson et al. 
1990). 
Role interdependence exists where  capabilities and responsibilities are 
complementary or interconnected with the roles of others as, for example, in an 
operating theatre where surgeons, consultants, anaesthetists, and nurses work together to 
complete an operation.  
In summary, positive interdependence encapsulates situations in which the group shares 
a common reward and strives for a mutual benefit, often within a long-term time frame. 
Identity is shared, causation mutual and affiliation motives are enhanced where each 
participant views himself as critical in the performance and outcome of the group.  
Thus, the sense of mutual responsibility and mutual obligation to support and assist is 
characterised by positive inducibility and mutual investment in other team members 
(Johnson and Johnson 1989). 
Positive interdependence has been shown to increase participant motivation to increase 
performance level through both increased effort and increased cognitive reasoning 
strategies (Gabbert et al. 1986).  Furthermore the stronger the interdependence through 
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goals, rewards, and means, the greater the sense of group cohesiveness and unity felt by 
the entire team (Lickel et al. 2000, Wellbourne 1999). Thus, awareness 
s the sense of responsibility 
experienced in exerting effort.  
2.2.2.1 Social Loafing in Cooperation 
Cooperation can also provide opportunities for social loafing. Social loafing is the 
tendency for individuals to expend less effort when working collectively than when 
working individually  (Karau and Williams 1993). Karau and Williams (1993) 
developed the collective effort model through meta-analysis of 78 studies on social 
loafing and by drawing on social impact theory (Latane 1981) and social identity 
theory, which proposes that individuals  sense of identity is based on the social groups 
they associate with (Abrams and Hogg 1990, Tajfel and Turner 1986) and group-level 
versions of social comparison theory. 
Karau and Williams (1993) determined that individuals are less likely to engage in 
social loafing when their output is evaluated collectively, when working on tasks that 
appear meaningful, when group-level comparison is available, and when their input to 
the collective outcome is dependent on those of others in the group. In short, the 
propensity to socially loaf is higher in cooperative structures where an individual  
efforts are not easily distinguished from that of others.  
2.2.3 Negative Interdependence (Competition) 
Negative interdependence exists where the structure of interactions between individuals 
are negatively related so that individuals perceive their success as dependent on others  
failures. Effectively this represents a competitive situation where outcomes are win-
lose, where one succeeds only at the expense of another.  
Negative outcome interdependence exists when either goals and/or rewards are mutually 
exclusive, i.e., more success for one means less success for others. For example in a 
race, the entity that achieves first place denies all others the ability to also place first 
(Johnson and Johnson 1989). 
Negative means interdependence exists when the resources, roles, or information 
required to achieve a certain outcome are mutually exclusive, such that actions of one 
individual directly prevent others from accomplishing the same action at the same time. 
Competition may exist with or without means interdependence, and the form of 
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negative means interdependence varies with circumstance but, in general terms, can be 
viewed as aimed at opposing, contesting, overcoming, or otherwise eliminating or 
working against others.  
Thus, negative interdependence incorporates the recognition means 
working helping another individual 
could lessen  own chances of winning. The time frame in negative 
interdependence is often short term and identity is negatively cathect, especially in win-
lose situations. A lack of inducibility, i.e., 
means competitors may attempt to obstruct one another (Deutsch, 2006). 
Working and learning in teams comes naturally to humans, as social creatures evolved 
to survive based on mutual cooperation. Even competition, especially within learning or 
work environments, can be viewed as a type of cooperative activity, in so far as 
participants cooperate with respect to essential rules, context, and duration of activities. 
Underlying agreement on the rules and boundaries of competition can aid in enhancing 
outcomes, where winning and losing against other participants is not the primary 
objective, as for example when friends compete in a maths lesson. In these situations, 
competition plays a healthy, constructive role as the nature of the shared experience 
provides the potential for excitement without being detrimental to the overall 
performance of the group.  
The view of competition as constructive is not universal, as critiques of competition 
point to its causing anxiety, aggression, self-doubt, and lack of effective communication 
(Kohn 1986). However, humans have a tendency to compete in activities such as games 
and sports, and the continued popularity of such activities would argue against their 
innate destructiveness. The right type of competition can not only increase motivation 
and commitment in the face of challenging tasks but can also increase the desire to 
maintain membership in a group.  
However, for competition to be effective, certain structural elements that support 
participants must be addressed and managed; these include appropriateness of tasks, 
measures to address anxiety related to losing, and a means to address inappropriate 
behaviour, all of which are intended to ensure a contest appropriate for the skills and 
abilities of the competitors (Johnson and Johnson 1989). Possible negative effects of 
competition occur when participants lack the appropriate competitive skills for the 
contest, handle winning or losing inappropriately, fail to play fairly, over generalise 
Chapter 2: Literature Review 
Kam Star  December 2015   41 
outcomes, or lack perspective as to the true purpose of the competition, i.e., using it to 
improve ability by increasing skills and knowledge.  
2.2.3.1 Complementary Theoretical Approaches to Competition 
A relatively recent contribution to competition theory is Ryckman et al. (1990, 1996, 
1997) in which a theory of personal competitive orientation supporting two distinctive 
types of competition is proposed. In the first, hypercompetition, achievement of 
personal outcomes is carried out with little concern for the means used and possible 
harm to others incurred in doing so. On the other hand, personal development 
competition views competition as facilitating personal growth, where individuals 
compete without demeaning, demonizing, or otherwise acting in a detrimental manner 
with respect to their competitors. Personal development competition could be viewed as 
having two goals: to win and to use competition as an opportunity for personal growth 
such that others are not harmed.  
Tjosvold et al. (2006) adopt an approach similar to that of Ryckman et al. in defining 
two types of competition. The authors term their two types constructive competition and 
destructive competition. Constructive competition has characteristics similar to those of 
personal development competition, that is, the desire to compete without depriving 
others or acting with intent to stop others from succeeding. Indeed, a series of studies 
(Tjosvold et al. 1992, 1998, 1989, 2006) has shown constructive competition as 
facilitating emotional enjoyment, task effectiveness, social support, and ability to 
continue working collaboratively with competitors in the future.  
Ryckman et al. (1996) employ similar concepts with respect to team-based competition. 
They term the two types of competition as team hypercompetition and team 
development competition, in which individuals compete within a team without resorting 
to unfair tactics, hostility, or high levels of anxiety, and a higher level common goal or 
achievement drives participants to maximise their own outcomes constructively whilst 
at the same time improving the overall team performance (Tjosvold et al. 2003). Thus, 
an individual engaged in team development competition is primarily focused on 
collective growth and team mastery leading to learning and self-improvement (Collier et 
al., 2010). In team hypercompetition, on the other hand, individual competition could 
become a source of conflict leading to an intra-team zero-sum game negatively 
impacting performance and outcomes (Johnson et al. 1981). 
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Additional theoretical approaches to competition and cooperation outside social 
interdependence theory include social exchange theory, proposed by Kelly and Thaibaut 
(1959, 1978), which defines competition as a means for individuals to maximise their 
rewards whilst minimising their costs with respect to others. Furthermore, social 
learning theory of group agency, a subset of social cognitive theory developed by 
Bandura (1999, 2001), distinguishes between three modes of agency: personal, proxy, 
and collective, where the duality between personal and social foci of causation gives 
rise to bidirectional influence between social structure and personal agency. 
2.2.4 Social Interdependence and Performance 
al 
framework to organise and analyse hundreds of research studies in diverse fields 
including education and business (Johnson and Johnson, 2005).  The last five decades 
have seen a number of systematic reviews of the research and evidence on the field 
published. Johnson and Johnson (2005) identified 754 studies published between 1903 
and 2005 which explored the relative merits of cooperative, competitive, and 
individualistic efforts and the conditions under which use of each is appropriate. 
Johnson et al. (1981) reviewed 122 studies comparing the relative effectiveness of goal 
structures based on cooperation, competition, and individualistic efforts in promoting 
achievement and productivity involving such lower level cognitive tasks as motor skills, 
decoding, and recall of factual information. The authors presented three critical 
findings. Firstly, cooperation was deemed considerably more effective than 
interpersonal competition and individualistic situations. Secondly cooperation in 
intergroup competition performed better than interpersonal competition and 
individualistic efforts. Thirdly, no significant differences in results were observed 
between interpersonal competition and individualistic effort situations.  
Building on the Johnson et al. (1981) analysis, Qin et al. (1995) reviewed 63 studies 
comparing the impact of cooperative, competitive, and individualistic efforts on 
problem solving across a range of situations involving higher level cognition, both 
linguistic and nonlinguistic activities, and well-defined and ill-defined operations. The 
overarching finding was that individuals within cooperating teams outperformed 
individuals competing with each other on all types of problem solving in 55 of the 
studies, with 8 studies reporting that competition outperformed cooperation. On 
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average, the meta-analysis showed that cooperators outperform hyper-competitors by 
1.5 standard deviations.  
More recently, Hilk (2013) carried out an extensive meta-analysis of 231 experimental 
studies involving 37,422 college and graduate-level students to investigate the effects of 
competition, cooperation, and individualistic goals on achievement and peer 
relationships. The study showed that cooperative conditions positively promote 
achievements and peer relationships to so significant a level in comparison with hyper-
competitive or individualistic settings that not only an expert but even a casual observer 
would notice the difference. With respect to peer relationships, this finding follows the 
theory of social interdependence in that most evidence supports use of positive 
relationships in cooperative conditions. However, cooperative versus competitive 
conditions produced a greater variance between effect sizes for both achievement and 
peer relationships whereas comparing individualistic conditions with competitive or 
cooperative conditions resulted in lesser effect sizes.  
2.2.5 Game Theory Perspective of Competition and Cooperation 
Game theory plays an important role in many domains of economic theory, as it is a 
mathematical representation of equilibrium and transfer of assets between actors in 
markets, contracts, and political economies.  
Employing game theory in modelling competition, cooperation, and non-cooperation 
games allows exploration and testing of a variety of zero-sum and non-zero-sum 
situations and their outcomes. Game theoretic zero-sum competition bears the closest 
similarity to negative interdependence, where both outcome and means are 
interdependent, as conceptualised by Johnson and Johnson (1989); to hypercompetition 
as conceptualised by Ryckman et al. (1997); and to destructive competition as 
conceptualised by Tjosvold et al. (2006). Constructive competition or personal 
development competition can be viewed as non-zero-sum competition in that individual 
participants can succeed without detriment to others.  
The exacting nature of representing competition or cooperation within classic game 
theory assumes sophisticated and highly logical actors capable of maximising profits 
and utility in a given situation. Whilst game theory constructs are often tested through 
simulations and provide some level of predictive ability, particularly when large 
populations are being considered, psychological testing and experimental evidence with 
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smaller groups has led to the development of behavioural game theory, where learning, 
social preferences, and other behavioural biases lead to outcomes that seem counter to 
the notions of a Nash equilibrium or utility maximisation (Eyster and Rabin 2005). 
Since studies in classic game theory focus on bargaining among rational players within 
binding agreements rather than on individuals exhibiting wildly varying personality 
traits and subject to mood changes and irrational behaviour, the scope for investigating 
behavioural game theory in the context of this study makes it too limited to be 
considered. Thus, although behavioural game theory and evolutionary game theory, 
developed for study of cooperation and competition based on behavioural economics, 
are relevant to this study, given their focus on large populations, their scope for 
application in small groups is limited (Charlesworth, 1996). 
Thus, in order to better define what is a meant by competition or cooperation, 
developing a unified approach was necessary.  
2.2.6 Unified Framework for Competition and Cooperation 
Through combining social interdependence theory (Deutsch 2006), extensions on 
competition developed by Ryckman et al. (1990, 1996) and Tjosvold et al. (2006), zero-
sum and non-zero-sum game theory (Axelrod 2006, Von Neumann and Morgenstern, 
2007), and social exchange theory (Kelly and Thibut 1978), construction of a unified 
model of competition and cooperation is possible. Moreover, such a model can 
distinguish interdependence between means (i.e., abilities, information, resources, and 
skills) and interdependence between outcomes (i.e., rewards, recognition, and goal 
achievement).   
This unified approach can, at least partially, explain the apparent disparity between the 
evidence found by different researchers in support of or in opposition to competition, as 
it offers a more nuanced approach in defining the specific social interdependence within 
a given study. This approach can also, to some extent, explain the findings that 
competition facilitates higher motivation and increased performance as suggested by 
Abuhamed and Csikszentmihalyi (2009) and Tauer and Harackiewicz (2004), who 
appear to have been examining personal development competition, against negative 
effects on group cohesiveness and friendship (Tjosvold et al. 2003), where profound 
competition was being considered. Similar disparities in effect with respect to 
cooperation also remain; despite a vast collection of research on the effects of 
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cooperative learning, major disagreements on which structures lead to the best outcome 
gains for participants continue to exist (Johnson et al. 1981, Sharan 1990, Slavin 1983).  
 
Table 2.3: A Unified Framework of Competition and Cooperation. 
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[1] Hypercooperation is marked by complete sharing, i.e., positive interdependence 
between both means and outcomes exists (Johnson and Johnson 1989). This type of 
cooperation provides the greatest opportunity for optimal team performance, provided 
such contextual factors as social loafing (Karau and William 1993) are managed. 
Example: Players in a football team. Individuals must work together, drawing on each 
as a single entity. In an educational 
setting, this would be akin to group marks awarded to all members of a class team for 
their combined effort without singling out individuals.   
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[2] Personal Development Competition. Individuals do not impede others from 
achieving their outcomes (Ryckman et al. 1990) but may share means or be 
interdependent in some other way, i.e., rely upon or use each other  abilities. Example: 
A typical class-room setting, where students may work together, sharing resources and 
information. However, the grades students receive are not dependent on the efforts of 
others class members, and so everyone could receive full marks.  
[3] Contrariant Cooperation. Individuals work together, sharing means, but compete 
with respect to outcome. This type of cooperation may have destructive effects as, 
whilst individuals need each other, their outcomes are negatively interdependent. 
Example: Winning a Nobel Prize. Whilst many individuals may have contributed to the 
overall effort leading to the 
of being awarded the Nobel Prize itself.  
[4] Outcome Cooperation. Individuals belong to a team but work independently 
despite sharing in outcomes. All team member perform the same actions, and these 
actions have no direct effect on the performance of other team members; however the 
overall outcome is considered to be the sum of individual team member
Example: A chess team, where players of a team play players from other teams and the 
overall outcome is at the team level.  
[5] Individualistic situations are neither competitive nor collaborative. However, 
framing this situation in terms of personal development competition can be 
accomplished by simply providing the ability for individuals to compare their efforts 
with that of others. Example: Students from different institutions, who have presumably 
had no previous interaction with one another, sit the same exam. As part of the 
framework in such a personal development competition, the students  grades would be 
ranked in a leaderboard.  
[6] Outcome Competition. Individuals work independently but compete on outcomes. 
Example: Track and field sports such as the 100-meter dash. Whilst each runner relies 
on his or her own means, each competes with respect to finish position (i.e., outcome).  
[7] Contrariant Competition. Individuals within a team compete on resources and 
share an outcome. Example: Within a class room where the group is allocated a single 
computer (i.e., the resource), only one or two individuals can use the resource at any 
one time but 
requires a high degree of coordination, as limited resources could lead to negative 
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competitive behaviour between members of the group and thereby be detrimental to 
s.  
[8] Means Competition. Individuals compete only with respect to means or resources 
but not to outcomes. Competing on means seldom has no impact on outcomes, but one 
possible case is employees whose salaries are not performance related but who 
nevertheless have limited resources with which to perform their jobs. Example: A single 
piece of machinery or meeting-room is available, so that if the machinery or meeting-
room is taken by another employee, the individual s capacity to maximise his effort is 
reduced, but individual outcome, in this case salary, is not affected.  
[9] Hypercompetition. Individuals compete on both means and outcomes. In game 
theory, this is termed strictly competitive (Axelrod, 2006). This type of competition is 
considered destructive within social interdependence models (Tjosvold et al. 2006). 
Example: Two-player chess matches, where players battle over means and outcomes.  
Whilst any one of these nine potential interdependent situations could occur in a social 
situation involving tasks and outcomes, real world situations may consist of an 
amalgamation of interdependencies and thus be more complex to categorise.   
2.2.7 Summary of Cooperation and Competition 
As has been seen, much of the research exploring the differences between competition 
and cooperation fails to account for the more nuanced interactions between positive, 
neutral, and negative interdependence of means and outcomes, thus leading to widely 
differing claims against and for either cooperation or competition. As demonstrated, 
there are many different types of competition and cooperation, and real-life situations 
are often of such complexity that more than one type is present thereby forming an 
amalgamation of different types.  For instance, whilst students may compete for the 
(i.e., a resource) under hypercompetition, they may cooperate by sharing 
information with one another, while at the same time also competing with respect to 
individual outcomes (i.e., personal development condition).   
Added to this mix of possible interdependencies are the often neglected dimensions of 
personal preference and personality. As theorised by Bandura (1986, 1999) in social 
, including intentionality, form part of 
the interplay among the the socially interdependent situation, 
and the wider context. Additionally as shown in studies of personality within the 
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context of team performance (Chen et al. 2011) and contextual performance (Borman 
and Motowidlo 1993), individuals differ with respect to beliefs and attitudes regarding 
the nature of their relationships, the context, and cooperation and competition 
themselves.  
Therefore, further study of the effect of personality on preferences in social 
interdependence type may provide further insight into the differences in outcomes and 
performance measured by different researchers when examining the effects of 
competition and cooperation, this is the topic of the next section.  
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2.3  
Personality is the combination of characteristics and qualities that 
distinctive character. Personality traits refer to the enduring personal characteristics 
revealed in a particular pattern of behaviour displayed in a variety of situations (Allport 
1937, Costa and McCrae 1992, Goldberg 1993, McCrae et al. 2000).   
During the search for an ideal personality model for use in this thesis, a number of 
models were considered. A search through the games research domains revealed 
as the most prevalent model (Bartle 1996). Here, players 
are categorised as Achievers, Explorers, Socialisers, or Killers. However despite being 
one of the most often-cited ical 
testing, and the player types have not been shown to be independent or validated 
(Johnson and Gardner 2010, Dixon 2011, Yee 2006).   
Yee (2006) offered an empirically derived model for player motivation following 
cated on achievement, social interaction, and 
immersion. However, Yee developed this model solely through analysis of expert 
players of massively multiplayer online games, and the model has as yet not been 
generalised (Bateman et al. 2011).  
Drawing on the Myers-Briggs Type Indicator (MBTI), a psychometric measure 
developed by Cook Briggs and Isabel Briggs Myers (Briggs 1962), Bateman and Boon 
(2006) developed a more generalisable model of players known as Demographic Game 
Design Model 1 (DGD1) in which players are categorized into Conqueror, Manager, 
Wanderer, or Participant types, although these play styles do not appear to relate to 
the inconsistent results from 
MBTI as a type theory (Boyle 1995) as opposed to the more consistent ones from the 
five factor model as a trait theory, Bateman et al. (2011) argue that DGD1 suffers from 
the same limitations as MBTI. The updated version of DGD1, Demographic Game 
Design Model 2 (DGD2), proposed by Bateman et al. (2011) has yet to be used by other 
researchers.  
The attempt by Ferro et al. (2013) to unify personality and player typologies to create a 
personalised gamified system, also based on the works of Bartle (2006) and Nacke et al. 
(2011), resulted in a player type model which included the following types: Dominant, 
Objectivist, Humanist, Inquisitive, and Creative. However, as with DGD2, the work 
remains theoretical and has not been validated empirically.  
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Within the context of this study, one model requirement is generalisability and impact 
in predicting behaviour, as well as existence of empirical studies based on relationships 
with models of social interaction and motivation. None of the models within game 
research satisfied these requirements, and so focus shifted to one of the most widely 
utilised models of personality (Digman 1990, five factor model 
(FFM) proposed as trait theory by McCrae and Costa (1987).  
The five factor model (FFM) offers a parsimonious taxonomy of personality traits 
composed of five factors: Openness, Conscientiousness, Extraversion, Agreeableness, 
and Neuroticism (McCrae and Oliver 1992), with empirical research showing 
consistency in measurements associated with these factors when compared across 
interviews, self-reports, and observations and encompassing a wide range of individuals 
of differing ages and cultures (Barrick et al. 1993, Schacter et al. 2009). The personality 
factors appear to be heritable (Jang et al. 1998) and unaffected by social influence from 
parents or peers (Riemann et al. 1997). The acronym OCEAN is employed to represent 
the five domains of personality taxonomies (Costa and McCrae 1992):  
Openness (or Openness to Experience)  The intellectual 
curiosity, imagination, creativity, perceptiveness, and joy of variety. A low score tends 
to describe individuals having a more conventional and conservative outlook.  
Conscientiousness  The  tendency toward orderliness, decisiveness-
consistency, punctuality, and reliability. A low score suggests a subject who is less 
precise and directed when working towards a goal.  
Extraversion  The individual s tendency toward sociability, assertiveness, 
adventurousness, and active engagement. A low score suggests a more reserved and 
independent subject.  
Agreeableness   
demonstrate modesty-humility, interpersonal warmth-affection, and generosity. A low 
score suggests an individual that is competitive, egocentric, and sc
intentions.  
Neuroticism (Emotional Stability)  The individual  levels of emotional reaction to 
events, emotional security, irritability, and moodiness. High scores tend to describe 
individuals who experience fear, sadness, embarrassment, disgust, anger, and guilt more 
than those with relatively lower scores, who are usually even-tempered, relaxed, and 
calm.  
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Although FFM is sometimes presented as a universal measure of personality (McCrae 
and Costa 1997), studies have pointed to such limitations as the following: reliance on 
self-report instrumentation (McAdams 1992) and issues with representation in some 
indigenous lexical structures, particularly some Eastern languages, leading to 
inconsistent outcomes (Saucier and Goldberg 2001).  
2.3.1 Five Factor Model of Personality in Games Research 
Heinzen et al. (2015) attempted to map the personality types of Bartle (2006) and Yee 
(2006) to FFM; however, whilst a conceptual overlap has been presented, the study 
lacked empirical validation.  
A relatively small number of studies have applied FFM to game player preferences or 
satisfaction. Opponents of FFM in game studies, citing lack of relevance or 
effectiveness, include Orij (2014) and Bateman et al. (2011). However, a re-
examination of the original studies used to derive the assertion of 
by Bateman et al. (2011) discount opposition to exploring FFM with 
games, as significant results have been observed through the application of FFM in 
game analysis (Teng 2009). One possible explanation for the dismissal of FFM in game 
studies by Bateman et al. (2011) and Orij (2014) may, in part, be related to inconsistent 
instrumentat  desire to establish new 
personality models exclusively for the games domain. New models proposed by 
Bateman et al. (2011) have yet to be adopted or validated by other researchers.   
Analysing the moderating effect of FFM traits with respect to gaming genre preferences 
(n=450), Zammitto (2010) found significant results between personality traits and game 
genres. The study showed FFM personality traits as moderating player preferences with 
respect to the following game genres: Action Shooting, Action No Shooting, Action 
Fighting, Sports, Simulation Vehicle, Simulation Artificial Intelligence, Adventure, and 
Puzzle. Teng  (2009) study of online game player (n=114) personality and real-life 
needs fulfilment indicated a range of FFM traits correlated with fulfilling individual 
needs for achievement, autonomy, affiliation, and dominance. Seok and DaCosta (2015) 
investigated FFM traits as moderating mobile game play (N=1997) and found 
significant results, although with weak overall strength of association.  
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2.3.2 Five Factor Model of Personality in Gamification Research 
Published studies on the correlation between the FFM and game research are extremely 
limited, and published empirical studies on FFM and gamification research number less 
than a handful. Researchers in this domain include Codish and Ravid (2014), who 
studied the impact of various FFM traits on perceived playfulness of gamification in an 
academic context as expressed through points, leaderboards, and badges, with 102 
students (n=102). A significant moderating effect was demonstrated, although effect 
sizes were small, using partial least square modelling with = 0.12 for leaderboards 
and = 0.14 for rewards (Codish and Ravid 2014).  
Karanam et al. (2014) examined a range of game elements (including points, rewards, 
feedback, challenges, and progress) of a gamification system for daily habits (in 
categories including mood, health, fitness, diet, and sleep or mood) for graduate 
students and found correlations between some personality traits and specific reward and 
challenge preferences. However the small sample size (n=36) with the large variety of 
potential factors makes generalisation based on these findings difficult (Karanam et al. 
2014). 
Beyond those of games and gamification, the FFM has been applied in many domains 
relevant to this study, where moderating impact on outcomes and performance are 
critical, and the development of studies linking specific personality traits to specific 
performance criteria, including academic performance (Gray and Watson 2002, Taggar 
2002) and commercial (i.e., job) performance (Barrick et al. 2001, George and Zhou 
2001), has produced a deeper understanding of personality-performance relationships. 
2.3.3 Personality and Performance 
Although a wide range of studies have focused on the relationship between personality 
and performance, for purposes of this study, evidence from the educational and business 
domains were examined and explored together. Two reasons underlie this decision: 
First, gamification has the largest applications potential in impacting academic and 
work performance, and, second, the experimental instrument was developed with both 
education and business applications in mind.   
A large body of literature provides compelling evidence as to the existence of a 
relationship between personality traits as measured by FFM and job performance 
(Barrick and Mount 1991, Hurtz and Donovan 2000, Peeters et al. 2006). An equally 
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significant body of literature evidences the existence of relationships between 
performance within an academic setting and personality as measured by FFM (Poropat 
2009). Table 2.4 below provides an overview of correlations found in the most cited 
meta-analyses by researchers in the personality-performance domain. Effect sizes 
reported tend to be small to moderate as defined by Cohen (1998) and Hopkins (1997), 
in the region of R2=.02 to R2=.25.  









Openness .06** .07* .12*** .13** 
Conscientiousness .24* .24** .24***  .29** 
Extraversion .09** .15** .17*** .11** 
Agreeableness .12** .11* .07*** .35* 










Peeters et al. 
(2006)  
Reported R2 values based on true-score correlations.  
* p <.05, ** p < .01, *** p <.001 
2.3.3.1 Moderating Factors of Personality and Performance 
Empirical studies showing the relationship between personality traits and performance 
are generally moderated by two types of variables, context and task type. Context 
defines the type of situation under which the activity is classified. For example, jobs 
that require social interaction (Barrick and Mount 1993) provide a context where 
personalities exhibiting high measures of sociability, i.e., high extraversion, are more 
likely to perform better.  
Other contextual factors include team composition, interpersonal orientation between 
team members, and relative performance of each individual team member, all of which 
affect overall team effectiveness and performance (Ross et al. 2003). Task type or 
nature of the task also moderates effects of personality, and, depending on the 
complexity and stimulating nature of the tasks to be performed, personality traits may or 
may not affect performance of the task (Eysenck 1982). 
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been observed as still another contributing, moderating factor in personality-
performance (Barrick and Mount 1993, Gellatly and Irving 2001). Individuals with 
relatively higher scores in Conscientiousness, who are responsible, persevering, 
dependable, and achievement oriented, and those with high scores in Extraversion, who 
are assertive, sociable, and outgoing, perform better in work situations marked by 
relatively high autonomy, i.e., work that offers a high level of discretion in the way it is 
carried out. Conversely those with lower scores in Agreeableness, who are less soft-
hearted and cooperative, performed better in jobs with relatively higher autonomy 
(Barrick and Mount 1993, Lee et al. 1990). The inverse relationship between 
Agreeableness and performance as moderated by autonomy may be explained as a 
conflict 
within the job. Individuals rated relatively high on Agreeableness generally prefer to 
follow rules and be cooperative and therefore seek jobs with a high level of structure, 
little uncertainty, and hence lower autonomy (Barrick and Mount 1993). 
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2.4  
This section explores the interaction between interdependence and performance as 
moderated by personality, leading to the formulation of the main hypotheses for testing 
in the empirical study.  
2.4.1 Openness, Interdependence, Performance 
Meta-analyses of studies exploring performance and Openness within a variety of jobs 
have consistently found this trait to be the FFM factor least correlated with 
performance, with relatively small positive effects on performance of between R2=.01 to 
.09 (Barrick et al. 2001, Hurtz and Donovan 2000). Within academic performance, 
numerous researchers have demonstrated a moderate positive relationship between 
Openness and academic achievement (Poropat 2009). However, whilst Openness 
appears to be positively related to learning motivation (Tempelaar et al. 2007, 
Vermetten et al. 2001), critical thinking (Bidjerano and Dai 2007), and intelligence 
(R2=.15), the overall moderating effect on performance remains relatively small with 
R2<.09. 
Openness has also been found to negatively moderate the desire for individuals to 
engage in collective activity, whether cooperatively or competitively (
1991, Koestner and Losier 1996). However, Driskell et al. (2006) found openness to 
play a positive role within cooperative group activity as a promoter of teamwork, and 
Musson et al. (2004) found a negative relationship (r=-.21, p<0.05) between 
competitiveness and openness while examining the desire for individuals to succeed in 
competitive interpersonal situations.   
More recently, Morawetz et al. (2014) utilised functional magnetic resonance imaging 
(fMRI) to measure differences in brain activity and found that individuals with 
relatively higher levels of Openness displayed significantly elevated levels of brain 
s in contrast to those with relatively lower levels. Whilst 
it may seem to contradict earlier research by Koestner and Losier (1996), who found 
individuals with higher degrees of openness prefer individualistic rather than group 
activity, the neuropsychology findings of Morawetz et al. (2014) provide strong 
evidence that those with higher Openness levels are affected to a significantly greater 
degree in interdependent situations. As a result, individuals with higher Openness levels 
may show aversion toward group activity as a result of being more affected by the 
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presence of others and hence prefer neutral or individualistic structures. However, if 
interdependence is not subject to choice, those with higher Openness levels may strive 
for more positive outcomes for the team within both a cooperative and a competitive 
setting.  
Openness has been found to be the strongest predictor of positive beliefs and optimistic 
attitudes toward cultural and personal differences within the FFM (Ekehammar and 
Akrami 2003). Matsumoto and Hwang (2011) found Openness significant in 
intercultural interaction within teams when examining cooperation and competition 
within a p dilemma game. Higher levels of Openness contributed to greater 
cooperation, as individuals having relatively higher levels more readily engaged with 
those from dissimilar cultural backgrounds.  
Thus, the hypotheses for the relationship between interdependence and performance as 
moderated by Openness may be stated as follows:  
HO1: Individuals with relatively higher Openness scores exhibit higher 
performance levels than those with relatively lower Openness scores under 
cooperative conditions.   
HO2: Individuals with relatively lower Openness scores exhibit higher 
performance levels than those with relatively higher Openness scores under 
competitive conditions.   
Additionally, the seeming aversion to interdependence (Koestner and Losier 1996) of 
those with high Openness levels leads to the following hypothesis:  
HO3: Individuals with relatively higher Openness scores exhibit higher 
performance levels in independent conditions than in interdependent conditions.  
2.4.2 Conscientiousness, Interdependence, and Performance 
The meta-analysis by Barrick and Mount (1991) suggested that Conscientiousness is 
associated with the strongest overall job performance with  Indeed, a further meta-
analysis by Barrick et al. (2001) found the same strong relationship and pointed out that 
imagining an individual marked by carelessness, irresponsibility, impulsiveness, and 
low scores in achievement striving, all factors contributing to a low Conscientiousness 
score, doing well in a job was difficult. In addition, a meta-analysis by Poropat (2009) 
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also showed Conscientiousness to be the strongest moderator for academic 
performance, even after controlling for intelligence.  
Despite being the most highly correlated factor with performance, Tett et al. (1991) 
claimed the average corrected correlation of Conscientiousness with job performance 
across various occupations remains relatively modest at =.22, possibly attributable to 
personality-performance correlations having non-linear relationships, a factor that is not 
typically tested for (Taggar and Parkinson 2007). Additionally contributing to the 
relatively modest value differences in computation attributable to use of 
different scales and criterion dimensions across the range of meta-analyses (Hurtz and 
Donovan 2000).  
Highly conscientious individuals tend to perform at a relatively higher level and to 
experience fewer task conflicts in highly cooperative conditions than when performing 
tasks that require low levels of cooperation. On the other hand, those with low 
Conscientiousness levels seem unaffected by level of cooperation associated with an 
activity (Steinke 2011). Antonioni and Park (2001) found similar evidence for teams, 
with high levels of Conscientiousness leading to better interpersonal relationships, less 
conflict, and increased performance amongst team members. This trait is relevant in 
virtual communication where the organised nature of individuals with high 
Conscientiousness enables the creation of more comprehensive communication 
strategies. As these individuals exhibit a higher level of tenacity and persist when faced 
with difficulties, a number of researchers have noted Conscientiousness as a significant 
predictor of leaders in virtual teams and, at high levels, a factor in improving virtual 
team performance (Kozlowski and Bell 2003, Cogliser et al. 2012).  
The moderating effect of Conscientiousness appears to be significantly moderated by 
such contextual factors as social loafing as well as task type (Schippers 2014, Steinke 
2011, Hough 1992).  High Conscientiousness appears to lead to higher performance 
levels where opportunities for social loafing are limited or nonexistent. In contexts with 
the opportunity for social loafing, individuals with high Conscientiousness appear to 
perform worse.  
Task type also affects the moderating effect of Conscientiousness, with evidence 
showing that tasks requiring high levels of decision making or creativity are negatively 
related to this trait whereas tasks that require more planning and coordination appear to 
be positively related (Neuman and Wright 1999, Barry and Stewart 1997). In contrast, 
Gamification, Interdependence, and the Moderating Effect of Personality on Performance 
58  Kam Star  December 2015 
Judge et al. (2014) found that Conscientiousness positively moderates creativity. These 
contrasting findings may be due to the nature of creativity as interpreted in different 
situations; for instance, creativity within an artistic setting may differ from creativity 
within a scientific setting.  
Exploring for moderating factors for Conscientiousness among hypercompetition, 
personal development, and cooperation, Ross et al. (2013) found a modest positive 
effect ( =.13, p<.05) for personal development competition. However, the study did not 
report any significant differences between cooperation and hypercompetition. The 
positive correlation between Conscientiousness and performance under personal 
development competition may be explained as the tr individual more 
careful, thorough, and responsible, thus causing personal responsibility and personal 
development to appeal more to those scoring higher in this trait.  
These findings and incorporation of social loafing yields the following hypotheses:  
HC1: Within contexts providing greater opportunities for social loafing, 
individuals with relatively lower Conscientiousness scores exhibit higher 
performance levels than those with relatively higher Conscientiousness scores 
under cooperative conditions.  
HC2: Within contexts providing greater opportunities for social loafing, 
individuals with relatively higher Conscientiousness scores exhibit higher 
performance levels than those with relatively lower Conscientiousness scores 
under competitive conditions.  
2.4.3 Extraversion, Interdependence, and Performance 
Several researchers have found Extraversion to be positively correlated with both 
enjoyment (Graziano et al. 1997, Kirkcaldy and Furnham 1991) and performance 
(Bentea and Anghelache 2012, Chen et al. 2011) under competitive structures (Judge 
and Zapata 2014). However, the positive relationship between Extraversion and job 
performance appears more prominently in job performances where interpersonal 
interaction is a key aspect of the contextual task (Costa et al. 1984, Mount et al. 1998, 
Van Scotter and Motowidlo 1996).  Thus, higher levels of Extraversion have been 
demonstrated to lead to higher levels of group participation (Littlepage et al. 1995).  
Graziano et al. (1997) observed that the propensity for an individual to find competitive 
games more likeable and interesting than cooperative games increased as Extraversion 
Chapter 2: Literature Review 
Kam Star  December 2015   59 
increased. Extraverts are more likely to view social encounters as positive and so tend to 
gravitate toward situations where strong social skills are needed, for instance, in 
competitive social occupations (Gallagher 1990). Since extraverted individuals seek 
sensation and interpersonal contact (Costa and McCrae 1985), it would follow that such 
individuals would initiate actions or prefer activities that offer excitement. Competition 
increases the potential for stimulating activities based on interpersonal relationships that 
involve risk taking for gain and hence appeals to a greater degree to those higher in 
Extraversion (Bentea and Anghelache 2012). 
Stewart (1996) also found Extraversion-performance to be moderated by 
interdependence, specifically observing that high-Extraversion individuals tend to excel 
where performance comparisons are made explicit. This finding suggests that 
leaderboards or other appraisal with another  
may be effective for highly extraverted individuals within a team.   
Stewart  (1996) findings were further supported by those of Bentea and Anghelache 
(2012), who demonstrated significant effect sizes with relation to Extraversion between 
competitive and cooperative cognitive tasks. Extraverted individuals tended to perform 
better under competitive and individualistic conditions compared to those with low 
Extraversion, who performed less well under competitive or individualistic conditions. 
Low levels of Extraversion in individuals seem to contribute to greater performance 
under cooperative conditions. Individuals falling in the approximate middle of the 
Extraversion scale tended to perform as badly as those with low levels of Extraversion 
under individualistic conditions. Moreover, the performance of these individuals fell 
almost half way between that of high extroverts and low extroverts under cooperation 
(Brentea and Anghelache 2012). 
Extraversion has been found to be one of the strongest predictors of achievement 
motivation under both personal development competition (r=.356, p<.001) and 
hypercompetition (r=.148, p<.01) amongst all the FFM traits (Ross et al. 2003). The 
subtle distinguishing elements of Extraversion for those who perform higher in 
hypercompetition were found to relate to lack of interpersonal warmth and positive 
affect toward other participants. Individuals who either avoid or ignore positive 
and avoid being negatively affected by concern for others. 
Conversely, those who preferred personal development competition tended to 
emphasise the importance of personal achievement and positive interpersonal 
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connections. These findings support earlier findings of Ryckman et al. (1997) that 
distinguished the correlation of Extraversion with hypercompetition and personal 
development competition.  
The findings reported above yielded the following hypotheses:  
HE1: Individuals with relatively lower Extraversion scores exhibit higher 
performance levels than those with relatively higher Extraversion scores under 
cooperative conditions.  
HE2: Individuals with relatively higher Extraversion scores exhibit higher 
performance levels than those with relatively lower Extraversion scores under 
competitive conditions. 
2.4.4 Agreeableness, Interdependence, and Performance 
In response to the Barrick et al. (2001) meta-analysis indicating an overall limited 
relationship of Agreeableness and performance, Johnson (2003) noted that 
Agreeableness may aid performance in some jobs but be a limiting factor in others. To 
be sure, Mount et al. (1988) also found that Agreeableness was a valid positive 
predictor of performance (r=.35) only in jobs involving cooperation or dyadic 
interaction. Van Scotter and Motowidlo (1996) provided further supporting evidence in 
a study demonstrating a greater positive relationship between Agreeableness and 
performance in jobs involving interpersonal interaction but little effect on performance 
in jobs with limited to no social dimension. Chiaburu et al. (2011) provided still more 
evidence in support of Agreeableness and prosocial work behaviour.  
Individuals with high scores in Agreeableness tend to maintain positive interpersonal 
relationships with others (Barrick et al. 2002). A meta-analysis by Peeters et al. (2006) 
provided further evidence that teams with higher overall Agreeableness performed 
significantly better in cooperative situations.  
Agreeableness 
competition (McCrae and Costa 1987, Liao and Chuang 2004). The level of an 
Agreeableness within a team has shown to be one of the strongest 
predictors of group performance, as teams composed of individuals exhibiting higher 
levels of Agreeableness consistently perform better under cooperative structures than 
under competitive structures (Bell 2007, Beersma et al. 2002, Schippers 2014) as more 
agreeable individuals not only tend to be better at interpersonal interactions (Hurtz and 
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Donovan 2000) but are also more motivated toward positive social interaction, aimed at 
reducing within-group competition, reducing conflict within the team, and promoting 
greater coordination.  
Ross et al. (2003) study (n=249) demonstrated Agreeableness to be the most significant 
of the FFM traits as a moderator for an achievement orientation toward competition and 
cooperation. Hypercompetitive structures were shown to correlate negatively to a 
significant degree with Agreeableness (r=-.584, p<.001) whereas cooperative structures 
exhibited a positive correlation (r=.346, p<.001). Personal development competition, 
however, was not found to be significant. Schipper (2014) confirmed the observation 
that Agreeableness is a significant predictor of performance in cooperative activities, 
with teams composed of individuals with higher levels of Agreeableness outperforming 
those composed of individuals exhibiting lower Agreeableness levels. 
In a longitudinal study on the impact of Agreeableness on team performance, Bradley 
(2013) found that affect-based states such as team cohesion tend to need longer to 
develop than behavioural interactions such as communication. Furthermore, the virtual 
or physical nature of interpersonal interaction was shown to impact the effect of 
Agreeableness, which positively improved physical face-to-face interaction between 
team members, incorporating tone of voice, inflection, and body language. Virtual 
interaction through texts and email, on the other hand, drastically reduced the richness 
of interpersonal communication and so was shown to diminish any impact 
Agreeableness could exert on communication. The finding that virtual communication 
in teams reduces the perceived levels of Extraversion and Agreeableness in their team 
mates is also consistent with earlier findings of Vignovic and Thompson (2010) and 
general findings on impact of virtual team dynamics (Becker-Beck et al. 2005).  
Bradley  (2013) findings that Agreeableness leads to improved performance only 
where team members interact face-to-face as opposed to virtually and that low-
agreeable teams performed better than teams with high Agreeableness when 
communication is restricted to virtual means are significant in exploring this trait as a 
moderator of team performance, particularly in theoretical models incorporating virtual 
teams such as social presence theory, and has managerial implications in the real-world. 
It underlines the need for face-to-face interaction, particularly initially to improve team 
cohesion, increase trust, and enable the Agreeableness trait to promote harmony and 
social integration within the team (Bradley et al. 2013). 
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Graziano et al. (1997) explored competitiveness as a mediator of the link between 
Agreeableness and group performance, noting two possible ways in which the 
Agreeableness trait could impact performance under cooperation or competition. Firstly 
the expected social relation may be perceived as competitive prior to any interaction 
taking place, and secondly dispositionally competitive people are more prone to see 
others as competitive and so evoke competitive behaviour from others (Kelley and 
Stahelski 1970, Graziano et al. 1997).  
The findings from the existing literature reported above yield the following hypotheses:   
HA1: Individuals with relatively higher Agreeableness scores exhibit higher 
performance levels that those with relatively lower Agreeableness scores under 
cooperative conditions. 
HA2: Individuals with relatively lower Agreeableness scores exhibit higher 
performance levels than those with relatively higher Agreeableness scores under 
competitive conditions.  
2.4.5 Neuroticism, Interdependence, and Performance 
Neuroticism reflects an scoring high on 
Neuroticism tend to avoid setting goals and may display greater insecurity, hostility 
toward others, moodiness, and anxiety. These characteristics negatively impact 
individual motivation and can also create a negative atmosphere within a team, 
negatively affecting group performance (Judge and Ilies 2002, Mount et al. 1998). But 
whilst elements of Neuroticism such as guilt and dissatisfaction may help promote self-
improvement, other elements (e.g., impulsiveness and anger) may result in self-
destructive behaviour and negatively impact motivation (Shebaya 2011). 
The link between performance and Neuroticism has consistently been shown to be 
negative. A meta-analysis by Barrick et al. (2001) found a correlation of  =-.15 
between job performance and Neuroticism. Similar effect sizes were found by others, 
including Hurz and Donovan (2000) ( =-0.14) and Mount et al. (1998) ( =-.15 to =-
.25) with respect to job performance. The level of interaction between Neuroticism and 
performance is similar to the effects of Agreeableness. However, the moderating impact 
of Neuroticism on academic performance appears to be minor, with effect sizes of =-
.02 reported by Poropat (2009).  
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Neuroticism has been found to negatively correlate with personal development 
competition (Ryckman et al. 1990) and positively with hypercompetition (r=.23, 
p<.001) (Ross et al. 2003) and (r=.54, p<.01) (Chen et al. 2011, Ryckman et al. 1996), 
respectively. Although the Ross et al. (2003) study did not find a correlation between a 
global measure of Neuroticism and personal development competition, the study did 
find a moderate negative correlation between specific facets of Neuroticism, specifically 
neuroticism/depression (r=-.31, p<.001) and neuroticism/self-consciousness (r=-.24, 
p<.001). Indeed it seems that individuals with high levels of Neuroticism enjoy the 
sense of superiority that hypercompetition offers (Ross et al. 2003).  
Moberg (2001) and Antonioni (1998) both found Neuroticism to negatively correlate 
with confrontation, suggesting that individuals with high Neuroticism may seek to avoid 
situations where confrontation could occur such as in hypercompetition. However 
hypercompetition does not necessarily imply conflict but rather a zero-sum interaction 
which incorporates little to no concern for possible harm to others (Ryckman et al. 
1997). Thus, whilst Neuroticism contributes positively to the individual avoiding 
conflict, since it increases sensitivity to perceived threats (Derryberry and Reed 1998), it 
appears to fuel the desire to achieve dominance and hence positively moderates 
hypercompetition (Fletcher and Nusbaum 2008).  
Fang (2002) found Neuroticism to negatively affect knowledge sharing with others in a 
team, thereby negatively impacting team cooperation. Although some studies have not 
found a significant correlation between Neuroticism and cooperation (Ross et al. 2003), 
others, including Chen et al. (2011) (r=-.40, p<.01), have found a strong negative 
correlation. Lonnqvist et al. (2011) found individuals with low Neuroticism more 
cooperation and Neuroticism. Given the similarities between personal development 
competition and cooperation, the findings of Lonnqvit et al. (2011) appears in line with 
the earlier work of Ryckman et al. (1990) with respect to personal development 
competition.  
All forms of social interaction may carry an aspect of social comparison, whether 
competition, cooperation, or even a simple discussion (Brickman and Bulman 1977 as 
quoted in Buunk et al. 2005). Buunk et al. (2005) found a significant correlation 
between Neuroticism and a social comparison orientation (r=.3, p<.001), suggesting that 
the trait is a positive predictor of social comparison.  
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The findings above yielded the following hypotheses: 
HN1: Individuals with relatively lower Neuroticism scores exhibit higher 
performance levels than those with relatively higher Neuroticism scores under 
cooperative settings.  
HN2: Individuals with relatively higher Neuroticism scores exhibit higher 
performance levels than those with relatively lower Neuroticism scores under 
competitive settings.  
2.5  
This chapter has explored the multiple effects of personality and interdependence on 
individual performance. The evidence that both personality and interdependence 
moderate performance is itself moderated by context.  
The literature review chapter identified and presented a number of hypotheses to be 
tested empirically. By way of summary, the hypotheses can be restated as follows:  
HO1: Individuals with relatively higher Openness scores exhibit higher performance 
levels than those with relatively lower Openness scores under cooperative conditions.   
HO2: Individuals with relatively lower Openness scores exhibit higher performance 
levels than those with relatively higher Openness scores under competitive conditions.   
HO3: Individuals with relatively higher Openness scores exhibit higher performance 
levels in independent conditions than in interdependent conditions.  
HC1: Within contexts providing greater opportunities for social loafing, individuals with 
relatively lower Conscientiousness scores exhibit higher performance levels than those 
with relatively higher Conscientiousness scores under cooperative conditions.  
HC2: Within contexts providing greater opportunities for social loafing, individuals with 
relatively higher Conscientiousness scores exhibit higher performance levels than those 
with relatively lower Conscientiousness scores under competitive conditions.  
HE1: Individuals with relatively lower Extraversion scores exhibit higher performance 
levels than those with relatively higher Extraversion scores under cooperative 
conditions.  
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HE2: Individuals with relatively higher Extraversion scores exhibit higher performance 
levels than those with relatively lower Extraversion scores under competitive 
conditions. 
HA1: Individuals with relatively higher Agreeableness scores exhibit higher performance 
levels that those with relatively lower Agreeableness scores under cooperative 
conditions. 
HA2: Individuals with relatively lower Agreeableness scores exhibit higher performance 
levels than those with relatively higher Agreeableness scores under competitive 
conditions.  
HN1: Individuals with relatively lower Neuroticism scores exhibit higher performance 
levels than those with relatively higher Neuroticism scores under cooperative settings.  
HN2: Individuals with relatively higher Neuroticism scores exhibit higher performance 
levels than those with relatively lower Neuroticism scores under competitive settings.  
 
experimental instrument.  
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3  
design. It describes the process whereby the experimental instrument, StarQuest, was 
developed, the results of the formative evaluation carried out during the pilot study, and 
the methodologies used in the quantitative evaluation of the experimental results.  
Thus, in greater detail, the objectives of this chapter are as follows:  
 Justify the research philosophy, paradigm, and strategy 
 Describe the method used for designing the experimental instrument 
 Discuss the operationalisation of the dependent and independent variables and 
their validity through the experimental instrument 
 
concerning ethics 
 Highlight the analytical methods utilised 
 Discuss the main sources of error and limitations of the study 
3.1  
The focus of this research is measuring the impact of game dynamics on outcomes 
within a social setting by collecting data regarding the behaviour and actions of 
individual participants and groups in an online experiment. Thus, the theoretical 
underpinning of this research is deterministic philosophy in which cause determines 
outcome. This assumption of cause and effect constitutes the scientific method as 
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expressed in quantitative research, positivist/postpositivist research, empirical science, 
and postpositivism (Cresswell 2003).  
In this study, quantitative research methods are used to analyse measurements related to 
the characteristics, traits, and attributes of social entities via statistical and 
computational techniques (Neuman 2006). Positivism is a philosophy of science where 
information is derived from mathematical and quantitative reports of sensory experience 
(Macionis and Gerber 2011). 
The postpositivist tradition draws on the work of 19th century writers who rejected the 
positivist view that the researcher and a subject of the research are independent of one 
another (Smith, 1983). More recently, Phillips and Burbules (2000) describe 
postpositivism as not simply challenging the traditional notion of absolute truth of 
knowledge but as necessitating experiments to examine the causes that influence 
outcomes within a reductionist framework. Whilst postpositivism generally retains the 
idea of objective truth, it also acknowledges that theories, background, knowledge, and 
even values of the researcher may influence what is observed (Robson 1993). 
The reductionist position aims to explain phenomena in terms of relationships between 
more fundamental elements and can be applied to the behavioural sciences, where a 
complex system may be described through a hierarchy of constructs, each of which is 
described with reference to simpler objects (Dawkins 1996). Thus by reducing the 
overarching ideas into a small, discrete set of ideas and measurable variables, 
hypotheses can be constructed to address research questions in order to examine the 
 
By drawing on the works of Phillips and Burbules (2000), Cresswell (2003) summarises 
the key positions of postpositivism as follows:  
 Absolute truth can never be found, as knowledge is formed as an opinion based 
on incomplete information. Hence, evidence merely supports hypotheses rather 
than proving them conclusively.  
 The research process is redefining or refining claims based on receipt of 
information.  
 Knowledge is formed through rational consideration of data and evidence.  
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 Research seeks to describe the causal relationship among variables posed in 
terms of questions or hypotheses in order to arrive at statements perceived to be 
true.  
 It is essential that the inquiry be carried out objectively, examining methods and 
conclusions for bias and adhering to high levels of validity and reliability.  
Within the context of this study, the researcher has adopted a postpositivist stance with 
respect to analysing its objectives. Thus, study measures, which are quantitative, are 
made objectively, utilizing methods that are as valid and reliable as possible, and study 
results are observed with utmost rationality, whilst also acknowledging that the 
influence the inferences derived from the observations and claims made.  
3.1.1 Design of Experimental Instrument 
This section describes the method used to design and develop the experimental 
instrument, an online platform called StarQuest. Although StarQuest  design and 
development occurred over the course of t mme, its 
, as modifications to the 
platform were required to create the experimental conditions needed to conduct the 
empirical study described herein.  
3.1.1.1 Embedding the  
This study relies on collecting data from participants through their interaction with 
modified versions of the online platform StarQuest, which facilitates collaboration 
between small groups of participants in the collection, creation, and sharing of digital 
artefacts. Functionality was added to the platform to enable participants to be introduced 
different conditions through manipulations of . Other 
functionality added was the ability to measure, collect, and store data on participant 
responses for later analysis. Furthermore, the experimental instrument (i.e., StarQuest) 
provides end-user utility such that participant activities undertaken within the platform 
form a part of their existing daily activities within the context of their studies, rather 
than being carried out in an isolated setting such as a lab. 
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Collecting information through online platforms, whether through surveys, remote user 
testing (Andreasen 2007), or online experiments (Fogg et al. 2001), reduces costs of 
collecting user input. When the topic being studied concerns the use of online platforms, 
as was the case in this study, data collection in the field, accomplished by observing 
participant behaviour as part of their natural activities as opposed to in laboratory 
conditions, is possible. Horton et al. (2011), examining the validity of online 
experiments in contrast to that of laboratory and field experiments, conducted 
s to 
priming, pro-social preferences, and decisions in response to how a decision-problem 
was framed equalled or exceeded that of traditional laboratory methods.  
The literature review reported a considerable disparity between the motivational 
increases reported by the users of gamified systems and actual increases in performance. 
Since users of gamified systems are situated in a real world context, in this instance 
requirements and carried out in-situ may provide a higher level of validity for 
performance impacts (Horton et al. 2011) than experiments carried out in artificial, 
laboratory environments. In a meta-analysis of experimental settings, Levitt and List 
(2006) conclude that the dichotomy sometimes drawn between data collected in lab 
experiments and generated in natural settings is not always warranted. However, 
obtaining deep structural parameters such as those sought by this research study is more 
likely by embedding the study instrument in a natural environment than in isolated 
laboratory conditions.     
3.1.1.2 Design via a User-Centric Design Methodology 
As 
environment, it must provide an acceptable level of utility compatible with end-user 
requirements and activities. Thus, understanding user requirements formed a critical 
part of the process of developing the instrument, and therefore a user-centred design 
al. 2000). Specifically, the methodologies formalised in -
centred des -210, 2010) were followed.  
Focusing on user needs and requirements to accomplish human-centred design was 
accomplished by way of the following: basing design on an explicit understanding of 
ts, involving users throughout the design and development 
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processes, and employing user-centred evaluation in the design and refinement 
processes in an iterative process. 
environments in order to derive requirements, including such traditional techniques as 
surveys, interviews, and analyses of existing processes and systems; group elicitation 
via brainstorming and focus groups; prototyping; model-driven techniques utilizing 
goal- and scenario-based methods; cognitive techniques such as protocol analysis, 
laddering, card sorting, and repertory grids; and contextual techniques using 
ethnographical, ethnomethodological, and conversation analysis (Nuseibeh and 
Easterbrook 2000). 
3.1.2 Requirements, Design, Formative Evaluation, and Pilot Trials 
As this study utilised a human-centric design process, group elicitation together with 
prototyping and scenario-based methods were selected as the principal methods of 
gathering data from end-users. Initial exploratory design workshops involving small 
groups of end-users were organised in the first year of the study. During the workshop, 
brainstorming (Bouchard 1971) and creativity techniques including constraint removal 
(Nguyen et al. 2000, Maiden et al. 2004) and creativity triggers (Goldratt and Whitford 
1992, Jones et al. 2008) were utilised in exploring and discussing the range of tasks and 
activities undertaken by the users. These were carried out with the aim of uncovering 
gaps within the pa
platform could potentially improve.  
Storyboards were used as sequential graphical representations of the systems to depict 
interactions between the user and the system, highlighting on-screen components for 
exploring and refining requirements (Andriole 1989).  Insights and ideas could thereby 
be represented through user scenarios, a description of particular tasks performed by a 
persona in a story form as though it were being actually observed (Holtzblatt and Wood 
2004). 
Ideas generated within the workshop were then explored through user journey scenarios 
and represented as storyboards that explored how potential functionalities would meet 
end-user requirements. These requirements were aggregated and further analysed 
through a structured iterative design process. The range of requirements were refined to 
key elements and components which could: (1) satisfy end-users requirements, (2) be 
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generic enough to have applicability beyond specific users, (3) be within the scope of 
development and testing within the study timeline, and (4) critically ensure scientific 
advancement in the domain of the study. Appendix 2 provides extracts of the user 
scenarios identified, focusing on specific user tasks and interactions which could be 
supported from which requirements could be developed.  
Based on the user requirements, a set of functionalities and user interface designs were 
sketched out to further solicit user feedback and refinement. The purpose of the 
platform is to enhance motivational affordance (Jung et al 2010) of small groups to 
collaborate online. The core functionality of the platform is to provide support for 
new c previously posted content. This functionality is present 
in all conditions of the platform and is based on the core requirement for collective 
gathering and creating of digital artefacts, defined as social creativity, where groups 
work together to solve problems with the help of digital technologies (Fischer and Wulf 
2005). Shneiderman (2000) defines a model for developing user interfaces that support 
social creativity called GENEX, which offers a four-phase framework for social 
creativity consisting of (1) collecting, where information is gathered from sources such 
as the Internet; (2) relating, where peers and mentors are consulted; (3) creating, where 
composition and evaluations of artefacts occur; and finally (4) donating, where the 
results are disseminated to a wider audience.   
The gamification of the platform was achieved by incorporating a range of game 
elements including goals, points, status, and leaderboards, developed in such a way as to 
enable group level manipulation of social interdependence settings for participants. 
Framing of the interface elements can be manipulated between cooperative and 
competitive conditions to change  social interdependence in the following 
mechanisms:  
 A points system that provides rewards and penalties for activity or lack of.  
 A status system that provides feedback through human-face embodied agents.  
 A system to suggest goals to participants together with turn-taking. 
 A leaderboard system that can display an nd position, either 
in comparison to others (competitive condition) or as a contribution to group 
effort (cooperative condition). 
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Formative evaluation with a range of formal and informal assessment techniques was 
carried out qualitatively and used during t
acceptance of the platform (Scriven 1967, Shepard 2005). The Technology Acceptance 
Model (TAM) predicts user acceptance based on perceived usefulness and perceived 
ease of use by users (Davis 1985, Davis 1993). TAM has been validated in a number of 
studies that have proved its validity in predicted intention to use (Mathieson 1991, 
Taylor and Todd 1995, Vankatesh and Davis 2000).  
Appendix 2 provides a short summary of the range of questions and factors used in 
informal discussion with end users through the initial feedback and refinement period 
based on the TAM model (Vankatesh and Davis 2000). The feedback was recorded as 
notes on the existing designs in order to develop a prototype of the platform for further 
formative evaluation. The prototype of the platform was then tested by a small group of 
end-users, leading to further refinement and second rounds of prototyping, 
incorporating the measurement of the dependent variables and manipulation of the 
independent variables as described later in this chapter. The outcome of the piloting 
trials, where a significant number of improvements and changes were discussed and 
explored were incorporated into the final version of the platform for the full-scale 
running of the experiment. 
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3.2  
Operationalisation of variables is a process through which the ex
become quantifiable and measurable, thus enabling the underlying, fuzzy theoretical 
concepts, collaboration and competition, to be explored in the research and be 
distinguishable in terms of empirical observation. The concept of operationalisation also 
relates to measurements of concepts, and, whilst scholars have worked on a wide range 
of scale and index constructions in areas such as performance, personality, and learning, 
there is no single perfect method through which to operationalise (Shields and 
Rangarajan 2013). 
The empirical research questions in this study, presented in the introductory chapter as 
RQ4, RQ5 and RQ6, require measurement of participant personality traits and 
 performance in StarQuest under 
cooperative, competitive, and control conditions. However, the study was running 
within existing courses, and the manipulations necessary to create these three conditions 
and the degrees to which the environment could be controlled required sensitivity to the 
context. 
The ethical issues regarding potential negative consequences in the context of the 
experiment setting, i.e., undergraduate students in existing courses using StarQuest, 
rformance in the experimental platform as 
summative evaluations, i.e., to set grades for a student based on how well he or she 
performed in StarQuest. Additionally, since the StarQuest platform does not place 
limitations on the resources or means available to individual participants, i.e., anyone 
can find or share any resource or artefact found on the Internet, the experiment 
incorporated no provision for interdependenci
manipulations were limited as to which activities or goals and their subsequent 
outcomes were communicated to the participants within the StarQuest platform, used 
voluntarily by participants and without more far-reaching impact on their grades or 
outcomes external to the platform. 
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3.2.1 Independent, Dependent, and Moderator Variables 
In summary, the manipulations of conditions and subsequent measurements of 
performance within StarQuest provided a realistic, if imperfect, scenario for cooperation 
and competition within an educational setting. The actual conditions were aligned with 
outcome cooperation and outcome competition as described in the literature review, 
with the caveat that outcomes presented to participants were within StarQuest and did 
 
An empirical exp
independent variables can help to establish a causal relationship of these with dependent 
variables (Grinnell et al. 2008). Grinnell et al. (2008) describe group research designs as 
those most likely to have external validity, where the findings of the study can be 
generalised beyond the specific conditions forming the research context (Bortz 2005).  
Within this study, the gamification dynamic condition, with levels competition, 
cooperation, and control (neutral), acts as the independent variable and manifests 
through manipulation of  features that present the required actions, i.e., 
posting and commenting, and their outcomes in the user interface such as points earned 
or lost, status gained or lost, and leaderboard position.  
P generates the dependent variables, measured quantitatively in 
principal user activities, and the length of time spent on the platform. 
The moderating variable, which may affect the strength and relation between the 
dependent and independent variables, is participant personality, as measured by level of 
FFM personality traits.  
All core functionalities of the platform are present and perform in the same way under 
the three conditions. The difference in conditions are the way in which system functions 
are presented and activity impacts either the individual or the group.  
experiment and the relationship between them. The three independent variables, i.e., the 
conditions cooperation, competition, and control, constitute the factors in the 
experimental design. 
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Figure 3.1: Relationship of Study Variables. 
 
3.2.1.1 Independent Variable Manipulation 
The independent variable, the interdependent condition, is manifest through 
gamification of StarQuest using points, status, leaderboard, and the framing of actions 
and outcomes. The functionalities of these are described below. End-user input during 
the development and piloting period was used to ensure that framing of functions 
communicated the desired interdependent condition.  
Points Mechanism, Reward, and Penalties for Activity or Lack Thereof  
StarQuest has been modified to incorporate a point system to provide positive reward 
points for such activities as contributing posts or commenting and punishment for lack 
to denote vitality or impact of actions is an established game element and part of 
affective interfaces for online interaction (Graepel et al. 2004, Nacke and Mandryk 
2010, Siang and Rao 2003). 
to the whole group under the cooperative condition or individually under the 
competitive condition, with the control condition associated with no health points. 
Health points are awarded based on any activity which impacts the content on the 
platform, including completing or not completing a goal, posting and commenting, and 
each type of activity has a certain number of health points associated with it. Table 3.1 
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summarises the mechanics of health points. Health has a maximum, denoted in a health 
bar with a maximum of five full hearts possible (see Figure 3.2). Health decays over 
time; the longer the time interval over which a player is inactive on the platform, the 
greater the extent to which health decays.  
Table 3.1: Manipulation of StarQuest's Parameters to Frame Condition. 
 Cooperative 
Condition 
Competitive Condition Control Condition 
 
 
Figure 3.2: StarQuest's Health Bar. 
achieving flow in online platforms (Chen 2006). The key components of most games 
are goals, rules, interaction, and rewards (Salen and Zimmerman 2004). Gamification 
uses similar components through PBL as the principal methods for communicating that 
the participant has completed the requisite activities (Deterding 2011).  
StarQuest provides goals associated with the core activities of finding and creating 
digital artefacts around specific topics as shown in Figure 3.3. According to SDT (Ryan 
critical factor in motivation and well-being; therefore a system in which goals are 
authoritatively given to the participant by an algorithmic agent may appear counter to 
autonomy. For this reason, goals are presented through a set of choices to the 
participants, and the participant has autonomy with respect to choice or may suggest 
new topics to be explored. This soft approach to goal-setting resulted from the 
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formative evaluation; initially goals were strict, but in further refinements goals were 
reframed as suggestions rather than requirements. Goals follow the SMART (Meyer 
2003) methodology, which dictates that they be highly specific (e.g., write a paragraph 
on user interface), measurable (in that their completion is recorded in the system), 
time if left unchecked).  
StarQuest has been modified to provide a turn-taking method for goal completion, 
where users are asked in turn to complete a task, i.e., posting. User studies have 
identified turn taking as improving social collaboration in both physical and computer-
mediated situations (Shaer et al. 2010, Inkpen et al. 1997). Turn taking is a prevalent 
game mechanism used in physical games such as chess, digital games such as turn-
based strategy, or role-playing games (Bjork and Holopainen 2005, Pinelle et al. 2009). 
Turn taking evokes social pressure, where expectation of other participants acts as a 
motivator for action on the part of the individual whose turn it is (Fogg 2002). Turn 
taking in games often follows a rigid structure involving a strict rotation of turns, such 
as found in Monopoly.  Turns must be taken within a predetermined length of time or 
are otherwise considered missed. Under the cooperative condition, missing a turn 
co
happiness status.  
The manipulations to create the experimental conditions in which the goals and 
subsequent rewards and punishments are presented to the participant are described 
below in Table 3.2: 
Table 3.2: Manipulation of StarQuest's Goal Presentation, Awards, and 
Punishments to Frame Condition. 
 Cooperation 
Condition
Competition Condition Control Condition
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Figure 3.3: StarQuest's Goal Framing. 
Prompts for Activities 
The two key activities in StarQuest, posting and commenting, are framed differently 
depending on condition (i.e., cooperation, competition, control). Table 3.3 below 
provides the type of prompting together with an example for each condition.  
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Help the 




Figure 3.4: Example Manipulation of StarQuest's Prompt for Action to Frame 
Condition. 
Leaderboard Mechanisms 
StarQuest has been modified to provide two types of leaderboards, a competitive one 
and a cooperative one. In the cooperative condition, the home page leaderboard displays 
a list of subject areas for contribution together with the collective effort toward each, 
whilst the performance page displays a list of all the participants in alphabetical order. 
In the competitive condition, the home page leaderboards display the name of the 
current leaderboard rank for the specific subject area (see Figure 3.5), whilst the 
performance page displays a list of all participants in order of their ranks, with 
individuals with the highest score at the top (see Figure 3.6).  There are no leaderboards 
in the control condition. Table 3.4 summarises the leaderboard element under each 
condition. 
Table 3.4: Manipulation of StarQuest's Parameters to Frame Condition. 
 Cooperation 
Condition
Competition Condition Control Condition
Gamification, Interdependence, and the Moderating Effect of Personality on Performance 
80  Kam Star  December 2015 
 
Figure 3.5: StarQuest's Leaderboard under Competitive (left) and Cooperative 
(right) Conditions. 
 
Figure 3.6: StarQuest's Performance Page. 
Status Mechanism, Smileys as Feedback of Activity or Lack Thereof 
The use of virtual human faces in computer interfaces to improve feedback and increase 
ease of use and communication has been a topic of considerable research (Walker et al. 
1994). They have been employed in many areas: online learning (Moreno et al. 2001), 
advertisements (McBree and Jack 2001), and computer games (Cassell 2004). Called 
emojis, and emoticons, they 
tive perceptions of their experience 
with a system (Mulken et al. 1998). Using 46 studies, Yee et al. (2007) performed a 
meta-analysis of the impact of their inclusion and their level of realism on user 
 use increased positive social 
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interactions with respect to both subjective and behavioural performance measures; 
level of realism of agents was found to have no impact on behavioural outcomes 
however (Yee et al. 2007). 
StarQuest incorporates human face id
indicating stages ranging from a sad, angry red face to an extremely happy-appearing 
green face. Depending on interdependent condition, happiness is displayed at group 
level (cooperative condition) or at individual level (competitive condition). As shown in 
Table 3.5, the control condition has no happiness status indicator.  
Table 3.5: Happiness Status by Condition. 




3.2.1.2 Dependent Variables 
Previous research on online collaboration platforms differentiates between individuals 
who add new 
, Han et al. 
2012). Study dependent variables with respect to performance are measured implicitly 
through participant actions in StarQuest. Thus, each time a user visits the StarQuest site, 
adds a post or a comment, the activity and length of time spent on the platform are 
stored. 
The Big Five Inventory (BFI) measures levels of the five personality traits within the 
Five Factor Model (i.e., Openness, Conscientiousness, Extraversion, Agreeableness, and 
Neuroticism).  Developed by John et al. (1991), the BFI instrument contains 44 short 
phrases which participants rate and can be completed in five to ten minutes. The BFI 
was selected instead of the short form of NEO-PI-R developed by Costa and McCrae 
(1992), which contains 60 items, because, while faster to complete, it has been shown to 
have internal consistency, convergent validity, and discriminant validity (Mullins-
Sweatt 2006).  Participants were required to complete the BFI before being given access 
to  main user interface and after acknowledging informed consent.  
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3.3  
f gamification of a social platform, 
incorporated through reward structures, on social creativity and learning within the 
context of -centric, 
employing a cohort of end users throughout the process.  
3.3.1 Participants 
on their applicability under a 
variety of conditions and in populations besides those employed in the experiment. 
According to Campbell and Stanley (1963), running an experiment with a variety of 
participants 
extent to which its findings can be generalised. StarQuest was therefore presented to a 
range of course leaders at Coventry University, where this Ph.D. is being conducted, in 
order to obtain study participants. From the courses whose leaders were approached, 
three courses consisting of 363 first- and second-year undergraduate students were 
invited to participate in the study, which was conducted between September 2014 and 
November 2014.  
3.3.2 Data Collection Methods 
ere 
StarQuest platform. Each user was given a unique login to the system, and all 
participant actions on the platform were recorded and stored in a database. Additionally 
the personality trait questionnaire was incorporated into the platform, thus making 
possible the running of complex queries involving the ranges of the 
independent and dependent variables.  
The use of website analytics software to measure the usability and performance of 
online platforms is well documented (Clifton 2012, Fang 2007). According to the most 
recent global usage statistics, as of August 2014, 49.6% of all online websites employ 
Google Analytics (Google 2015).  Incorporating this analytics software allowed the 
platform to collect data on length of visit, even if a participant was simply browsing and 
performed no action (i.e., adding new posts or commenting).  
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3.3.3 Data Security 
Given the nature of the data being collected through the online platform, data privacy 
and security had to be robust and the communication of any personal information 
concerning a user to a third party had to be closely scrutinized. Thus, the following 
precautionary measures were instituted:  
 The server and data environments were separated through a separate filesystem 
system was blocked and logged.  
 Security consultants SecTheory and Sucuri tested the platform for 
vulnerabilities, both externally through network connections and internally by 
scanning for known vectors and exploits.  
 Data security was achieved to a level similar to that mandated by ISO/IEC 
27001 and ISO/IEC27002, the international standard to preserve system 
confidentiality, integrity, and availability (ISO 2015). 
3.3.4 Ethical Considerations 
to conduct ethical research. All types of instruments whose purpose is persuasion 
inherently possess the potential for misuse. In the broad field of persuasive technologies 
wherein gamification can be situated, concerns over data privacy and power relations 
(Fogg 2002), trust (Nickel and Spahn 2012), rise of social conflict (Crammer 2011), 
addiction (Griffiths and Meredith 2009), and unintended bad behaviour (Pavlus 2010) 
were noted and acknowledged.  
Within recent times, a vocal opponent of gamification on ethical grounds is Ian Bogost, 
Exploitation, the unfair treatment of another in order to benefit or gain an unfair 
advantage for oneself, is inherently unethical. Depending on the circumstances, 
exploitation may be viewed as harmful or mutually advantageous and may be 
consensual or nonconsensual. Wertheimer and Zwolinski (2013) state that harmful 
and/or nonconsensual exploitation is clearly unethical. However a transaction between 
two parties, e.g., a system and its users, that is mutually beneficial is not unethical 
provided no third party is harmed. In effect, interactions that are free from negative 
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externalities, consensual, and mutually advantageous are ethically neutral (Wertheimer 
and Zwolinski 2013). 
Berdichevsky and Neuenschwander (1999) developed a set of principles for use by 
designers of persuasive technologies that focuses on intended outcomes, privacy, 
motivation, methods, and misinformation. The aim of these principles, given below, is 
the design of systems which do not exploit users:  
 Motivations are not deemed unethical if traditional methods of persuasion are 
employed.  
 The creators must consider and assume responsibility for all reasonably 
 
 
they regard their own privacy.  
 Relaying of personal information about a user to a third party must be closely 
scrutinized with respect to violation of privacy.  
 The creators should disclose their motivations, methods, and the intended 
outcomes of the system, except when such disclosure would significantly 
undermine an otherwise ethical goal.  
 The use of misinformation should be avoided in achieving the persuasive end.  
 The Golden Rule: The creators should never seek to persuade users of 
something that they themselves would not wish to be persuaded to.  
perimental instrument (i.e., StarQuest) has been evaluated against the 
principles set forth by Bredichevsky and Neuenschwander (1999), and neither the 
activity nor its intended outcomes appear to be unethical.  
The incorporation of such gamification elements as instant rewards, leaderboards, turn 
taking, and competitive framing of an activity may be seen as potential ethical risks. 
However, previous research has employed these mechanisms (Versteeg 2013) in online 
games (Sicart 2009), and gamification platforms designed for education (Cronk 2012) 
and the workplace (Kumar 2013) have also employed them. Moreover, given the age 
and maturity of the participants, a critical factor with respect to ethics as discussed by 
Cohen et al. (2013), the risk of a novel experience which would detrimentally affect 
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them appears low. Furthermore, through involvement of stakeholders and informed 
consensus, this risk can be virtually eliminated.  
The process of obtaining consent took into account the maturity of the participant and 
emphasized that participation was voluntary. As part of the process, the nature of the 
et al. (2013), were met. Lastly, the board of ethics at 
Coventry University reviewed the project and found it acceptable.  
3.4  
The nature of the field experiment, including the presence of a control condition, would 
seemingly classify it as a randomised control trial. However, given the organisational 
limitations and the multi-
a quasi-experimental cluster design was adopted. Control over assignment of treatment 
conditions was exercised by randomly assigning groups to one of the three conditions 
(i.e., competition, cooperation, control).  
A critical issue involved in using a quasi-experiment is internal validity, due to the 
inability to compare the treatment and control groups. To overcome this limitation, in 
each instance the smaller study groups of four to six individuals were randomly 
assigned to each of the three conditions. By using existing study groups grouped based 
on alphabetical listing of names, each cohort acted as a random sample of the overall 
population, without being grouped based on abilities, sex, or ages. Additionally, the 
FFM enabled comparison of individuals having similar personality traits with respect to 
the three conditions, thereby providing a baseline for moderating impact of personality.  
3.4.1 Multilevel Model (MLM) 
Quantitative analysis operationalises abstract theories into concrete models. Thus, a 
statistical model is developed to mathematically represent the proposed theoretical 
relationships between gamification conditions and performance as moderated by 
personality traits. The relationships actually observed within the sample data are 
assumed to represent those within the general population (Singer and Willett 2003). The 
choice of statistical analysis methods is derived based on the research question, 
experimental design, and data structure (Raudenbush 1988). 
Gamification, Interdependence, and the Moderating Effect of Personality on Performance 
86  Kam Star  December 2015 
The type of contextual analysis used in this thesis draws on similar multilevel analytical 
methods employed in educational research (Miller and Murdock 2007), social 
psychology (Hox et al. 2010), and computer supported cooperative work (CSCW) 
(Dewiyanti et al. 2007, Strijbos et al. 2004), exploring the effect of collective or group 
characteristics on individual performance.  
3.4.2 Power and Sample Size 
Power of statistical tests relies on sample size, expected effect size, and level of 
significance. In multilevel models, each level is associated with a sample size, defined 
as total number of units observed for that level. In this study, the average number of 
participants at level 1 (the individual participants in a single study group) is five 
individuals, with classrooms on average consisting of twenty groups. The calculations 
of sample sizes in multilevel models are highly dependent on estimating power for fixed 
and random effects, variance components, and cross-level interactions, all of which are 
notoriously difficult to estimate a priori (Hox et al. 2010, Scherbaum and Ferreter 
2009). As cited by Kreft (1996), a rule of thumb suggests that to achieve 30/30 a total 
sample size of 900 is required, but this was not practical in the current study. Although 
tables and simple calculations for effect size exist (Cohen 1992; Murphy and Myors 
1999), these tables cannot be readily translated to power computations for multilevel 
models (Scherbaum and Ferreter 2009). 
Previous research on moderating effect sizes of FFM traits on performance suggest a 
relatively small effect size falling between  .05 and .29 (Barrick et al. 2001, Hurtz 
and Donovan 2000). 
Using the methodology outlined by Scherbaum and Ferreter (2009) and given the fixed 
size of level 1 (i.e., the group size based on study groups averaging five students), the 
maximum power achievable appears to level off at .30 (i.e.,  even for 
level 2 (number of groups) greater than 50, which is far lower than commonly used (i.e., 
 =.95,  < .05). This extremely low power increases the potential for Type II 
error, i.e., failing to reject a false null hypothesis.   
Using the formula described by Snijders and Bosker (1993), standard error is calculated 
as follows:  
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where is the z score associated with the chosen level of Type I error for a two-
tailed test and is the z score associated with the desired level of statistical power. 
Employing =.7 as per the findings of Scherbaum and Ferreter (2009) and =.25 as a 
typical effect size as found by Hurtz and Donovan (2000) and Barrick et al. (2001) with 
respect to FFM traits and performance meta-  
Using methodology described in detail by Gelman and Hill (2007, p. 448) and results 
derived in similar research on individual performance in multilevel small groups (Van 
Mierlo and Kleingeld 2010), which suggests an intra-
performance effects under cooperative and competitive conditions for groups, and 
estimating SE(
used to calculate the number of groups (J) needed, since we know m (average number of 
members in a group) = 5.  
                                     
where  
                (3.3)
 
Solving for J using the estimates above yields J
individuals, were required to achieve the proper level of power. As can be seen, as 
variance increases so does the total number of groups required.  
3.4.3 Statistical Analysis 
The experiment presented in this thesis is multilevel, or hierarchical, in nature, where a 
small number of individuals, forming the lowest level of the data hierarchy and referred 
to as level 1 or the microlevel, are nested into groups, referred to as level 2 or the 
macrolevel.  However, level 1 relationships vary as a function of the level 2 variable, 
within 
be taken into account (Bonito and Hollingshead 1997). Performance within groups is 
both heterogeneous, as it relates to differences among individuals, and homogeneous, as 
it relates to the performance of other group members. Therefore, if this data were to be 
treated as comprised of independent samples, as assumed in standard regression and 
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Alpha (1951) would likely yield inaccurate estimates in response to the scale question 
(Bonito et al. 2012, Raudenbush 2008).  
Additionally, the data employed in this study were gathered from groups whose 
members have interacted with one another prior to measurement and for whom 
interaction was related to performance within the experiment. With some exceptions 
(Kenny et al. 2006) (e.g., team work where team members share a common score), 
students within a classroom are rarely manipulated with respect to interdependence. 
However, for the purpose of this experiment and consistent with similar research on 
small groups (Bonito et al 2012), interdependence with respect to process and outcome 
were explicit factors, and so interdependence among group members was expected to be 
an influential factor at group level with respect to performance as well as at the 
individual level.  
Prior to development of the multi-layer analysis (MLA) such as that described above, 
researchers typically employed conventional regression by aggregating data at a higher 
level or by applying the higher level data characteristics to individuals (Hox et al. 
2010). Both approaches created problems with respect to interpretation of results and 
inferences made, known respectively as ecological and atomistic fallacies. Specifically, 
ecological fallacy occurs when data is analysed at one level but conclusions are 
formulated at another, i.e., interpretation of aggregated data at the individual level. 
Atomistic fallacy describes making inferences at a higher level based on analysis 
performed at a lower level (Hox et al. 2010). For example, analysis of deviation of 
scores can be carried out by subtracting the group mean from individual performance 
scores, which are then analysed using regression. Since regression assumes 
independence of observations, employing group means as estimates loses within-group 
variation, together with the group effect.  
In statistical terms, a small number of individuals separated into several groups, as 
inferences, particularly with respect to drawing inferences about the regression 
coefficients (i.e., individual and group-specific intercepts and slopes related to 
personality factors) and when estimating variance and covariance components at both 
the individual and group levels (Raudenbush 2008). These challenges become apparent 
in attempts to fit multilevel linear models to data incorporating correlated factors such 
as FFM traits as measured by the BFI (DeYoung 2006). In this case, sensitivity of fixed 
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regression coefficients to inferences about variance is higher under individual models 
than under population-average models (Heagerty and Zeger 2000 in Raudenbush 2008). 
individual level effects 
of personality on performance, which itself is moderated by group level variation in 
performance, a multilevel linear model was adopted.  
3.4.3.1 Population-Average Model, Generalised Estimating Equation (GEE) 
As an alternative method for accounting for group-level interactions in multilevel 
models, which analyses group-to-group variation as well as within-group correlation 
and provides a model for group-specific regression coefficients as a function of group-
level variables plus random variation, a population-average model was also considered 
for the analysis. A population-average model, also known as a marginal effects model, 
as, for example, the generalised estimating equation (GEE), provides the ability to 
express the coefficients of responses as a function of covariates averaged over group-to-
group random effects, such as inter-group differences in group-level FFM traits. With 
continuous dependent variables, such as performance factor measurements in the 
present experiment, the coefficients obtained through GEE and MLM are 
mathematically equivalent (Burton et al. 1998, Roux 2003).   
 
3.5  
This chapter has justified the postpositivist research philosophy adopted through the 
strategic decision to conduct an in-the-field empirical study. The methods used for 
designing, piloting, and refining the experimental instrument were described, as was the 
operationalisation of the dependent and independent variables, whose experimental 
validity was established. Additionally the methods used for data collection, selection of 
participants and related ethical issues, and the statistical analysis methods to be used on 
the collected data, together with justifications for their selection, were presented.  
The next chapter presents the analysis of the data gathered through the experiment, 
enabling exploration of the study hypotheses and research questions RQ4, RQ5 and 
RQ6.  
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4  
This chapter presents the results of the main experimental study whose methodology 
was presented in the previous chapter.  Study results corresponding to each set of 
hypotheses being tested are presented and discussed in detail in four sections. The first 
chapter section provides participant and group descriptive statistics for FFM personality 
traits, including means, standard deviations, measures of skew and kurtosis, and Pearson 
correlation coefficients. Comparisons with respect to FFM traits between the three 
courses participating in the study are also presented and analysed. The second section 
presents performance scores, methods of dealing with outliers, non-parametric statistical 
tests and methods applied to transform performance scores to fit a normal distribution. 
In the third section, the results of ANOVA and scatterplots of performance, as measured 
by posts to the StarQuest platform, against FFM personality traits are presented. The 
fourth and last chapter section presents the multilevel mixed analysis together with the 
results of applying the generalized estimating equation.  
4.1  
As shown in Table 4.1, 363 undergraduate participants from three courses were invited 
StarQuest, over an eight-week starting in 
October 2014. Participation was not mandatory and use of the platform did not count 
toward their formative assessments.  Of the invited participants, 69 individuals either 
did not consent to use of their data or never logged in. The remaining 294 were divided 
into 57 groups of between 4 and 8 (median 5) individuals and randomly assigned an 
experimental condition. In the following discussion and analysis, Course 1 refers to 
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first-year undergraduate students from a media and communication course; Course 2 
first-year undergraduate students from a computer science course; and Course 3 second-
year undergraduate students from a sports psychology course.  
 
  
Table 4.1: Participants and Groups from Three Courses. 
 Experimental Condition   




4.1.1 Descriptive Statistics 
4.1.1.1 Five Factor Model (FFM) Personality Measurement 
Personality was assessed using the 44-item Big Five Inventory (BFI) (John et al. 1991) 
StarQuest platform, and Table 4.2 below presents the 
descriptive statistics related to the FFM traits for the individuals who participated in the 
experiment. All FFM scores were normally distributed with skewness falling between -
.52 and .36 (se =.142) and kurtosis between -.18 and .72 (se =.283).  
Table 4.2: Five Factor Model Measurement Descriptive Statistics and 
Correlations. 
Personality Factors Descriptive Statistics Pearson Correlations 
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Reliability testing for internal consistency of trait subscales was performed using 
Conscientiousness 
; ; and the Neuroticism subscale 
y 
(George and Mallery, 2003). Shapiro-
homogeneity of variance did not yield statistically significant results, indicating that the 
FFM trait measurements were homogeneous and normally distributed. Pearson 
correlations were comparable to results obtained in similar research using the 44-item 
BFI scale (Herrmann and Pfister 2013, Reid-Seiser and Fritzche 2001). 
4.1.1.2 FFM Comparison between Courses, Genders, and Gamification Groups 
A one-way between-group ANOVA employed to compare FFM trait scores between 
Course 1, Course 2, and Course 3 participants revealed a statistically significant 
difference in Openness with F(3,301)=11.184, p<.0005. Despite reaching statistical 
significance, the actual difference in mean scores between the groups was not large. The 
effect size, calculated using eta squared, was .098, a relatively medium effect (Cohen, 
1998, pp. 284). Post-hoc comparisons using the Tukey HSD test indicated that the 
Openness mean score for Course 3 (M=.57, SD =.10) was significantly different from 
those of Course 1 (M=.66, SD=.12) and Course 2 (M=.62, SD=.10). There were no 
other significant differences of participant FFM between Courses 1, 2, and 3.  
To investigate potential differences within genders between courses, a one-way 
between-group ANOVA for FFM traits of male participants revealed statistically 
significant differences between them in Openness with F(3,160)=8.892, p<.0005 and in 
Conscientiousness with F(3,160)=3.201, p=.025. Effect size for Openness was large (eta 
squared =.142) and for Conscientiousness was small (eta squared = .045). There were 
no significant differences for FFM traits between female participants across courses. A 
post-hoc comparison using the Tukey HSD test revealed that the Openness mean score 
for males in Course 3 was lower by -.104 (95% CI, -.152 to -.057, p<.0005) than that of 
Course 1 and that of Course 3 was lower by -.063 (95%,-.120 to-.007, p=.022) that 
Course 2 . 
The relative lowness of the Openness to Experience measurements of Course 3 male 
participants, who were from a sports psychology course, compared to that of males from 
the other courses (students from media and communication and from computer science 
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classes) has been found in similar research comparing student FFM personality traits 
where students were from different undergraduate courses (Alexander et al. 2011), 
suggesting that individuals choosing to study sports psychology may be less open to 
new ideas and experiences than those studying such topics as media and communication 
and computer science.   
4.1.1.3 FFM Trait Comparison between Gamification Groups 
No significance was found in one-way between-group ANOVAs of FFM trait scores 
between the three experimental conditions. Sub-dividing the participants along gender 
and re-running the ANOVA also found no significant gender differences between FFM 
trait scores across conditions.   
4.2  
The participants collectively posted 2,589 posts, commented 686 times, and spent 
38,180 minutes (636 hours) engaging with the platform StarQuest over eight weeks. 
Performance measurements consisted of three quantitative measurements: number of 
posts, number of comments, and total amount of time spent on the platform.  Table 4.3 
presents the means, standard deviations, skewness, and kurtosis for these performance 
counts. Performance scores for posts had significantly positive kurtosis, with values 
ranging from 42.30 to 2.58 (i.e., greater than 1.96). The posts data were also all 
positively skewed, with values ranging from 5.12 to 1.25, suggesting significant 
deviation from a normal distribution and hinting at the existence of outliers.  
Table 4.3: Descriptive Analytics of Performance by Course. 
 Course 1 (n= 189) Course 2 (n=54) Course 3 (n=51) Total
 
4.2.1 Outliers 
Parametric statistical analysis, particularly regression-based algorithms, are sensitive to 
the presence of outliers. The performance scores were checked for scores that were 
relatively very high or very low. A test for statistical outliers using Grubbs modified 
standardized values identified three outliers in Course 1, one in Course 2 and none in 
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Course 3.  The Course 1 outliers were posts=132 Z=9.265 (Critical Z=3.55, p<.001), 
posts=64 Z=5.73 (Critical Z=3.55, p<.001), and posts=45 Z=4.07 (Critical Z=3.55, 
p<.001), and the Course 2 outlier was posts=54 Z=8.934 (Critical Z=3.55, p<.001). 
Since these scores are legitimate unbiased sample data, they were transformed by 
Winsorising (Hawkins1980) to the closest non-outlier values as follows: posts=45 
Z=2.97 for Course 1, for Course 2 and posts=45 Z=2.77. Subsequent calculation of 
skewness and kurtosis for posts provided some improvement. For Course 1, 
skewness=1.4 and kurtosis=2.05; for Course 2, skewness=1.38 and kurtosis=3.85; and 
for Course 3, skewness=1.24 and kurtosis=2.58.  
 
4.2.2 Tests of Normality 
Q-Q plots of performance scores indicated a non-normal distribution for posts, 
comments and time. A Shapiro-Wilk test for normality was then performed on all 
performance measures, and all were found to be statistically significant with p ranging 
from .034 to .0005. Thus, the null hypothesis that the performance scores were normally 
distributed was rejected.  
4.2.3 Nonparametric Tests 
4.2.3.1 Between-Course Comparisons of Performance Scores 
Given the non-normality of the performance scores and the high variability between the 
mean and median for the three Courses, Kruskal-Wallis H tests were employed to 
determine whether significant differences between the Course 1, Course 2, and Course 
3 groups existed.  
Based on visual inspection of boxplots, distribution of performance scores was 
statistically dissimilar for Course-based groups. The distributions of performance scores 
were found to differ across group to a statistically significant level. With n=294 
participating and sub-divided with n=189 comprising Course 1, n=54 Course 2, and 
n=51 Course 3, the following test statistics for each of the variables were obtained: 
posts (2)=88.626 (p<.0005), comments (2)=70.702 (p<.0005), and time 
(2)=70.702 (p<.0005).   
incorporating the Bonferroni p-value correction for multiple comparisons. Values are 
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mean ranks. This post hoc analysis revealed statistically significant differences in posts 
between Course 1 (167.87) and Course 3 (77.34) (p<.0005) and between Course 2 
(142.45) and Course 3 (p<.0005). No significant differences between Course 1 and 
Course 2 for posts were found.  
The significant differences between posts for Course 1 and Course 2, both of which 
were comprised of first-year undergraduate students, and for Course 3, comprised of 
second-year undergraduate students, may be explained by differences in experience in 
using new and so unfamiliar platforms between first- and second-year undergraduates. 
In an informal meeting prior to beginning the experiment, Course 3 leader stated First 
year undergraduates are more likely to use a new platform, as everything is new in the 
first year, by the time they are in the second year most students have developed habits 
and preferred methods of working and thus engagement with a brand new platform (the 
experiment) would likely be lower in the second year than first year.  
Pairwise comparisons using the same methodology for comments revealed Course 1 
(168.68) to be significantly different from both Course 2 (93.90) (p<.0005) and Course 
3 (93.44) (p<.0005). No significant differences for comments were observed between 
Course 2 and Course 3.  
Considering the lack of scores for comments for Course 2 and Course 3 (median=0), 
this factor was employed in analysis of performance scores for only Course 1 
participants. 
Pairwise comparison using the same methodology for time revealed all three courses to 
be significantly different from each other. Course 1 (171.24), Course 2 (111.56), and 
Course 3 (98.45) with p value between p=.007 (for Course 2) and p<.0005 (for Course 
3) for all other pairs. Students from Course 1 spent significantly more time (159 
minutes) compared to Course 2 (77 minutes) and Course 3 (75 minutes).  
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4.3  
This section presents the methodology used for transforming performance scores as well 
as the analysis of performance under the three experimental conditions cooperation, 
competition, and control (i.e., no gamification).  
4.3.1 Transforming Performance Scores 
The four categories relating to statistical validity and impacting causal inference are 
conclusion, internal, construct, and external validity, all relying on appropriate 
application of statistical tools (Cook et al. 1990). Statistical literature has shown that 
non-normality causes heteroscedasticity, i.e., unequal variability of measurements 
across the range of a predictor variable so that there are sub-populations of the 
measurement, each having different variabilities. In regression tests, its presence 
produces biased results (Schweder and Hjort 2002).  
Since this study was concerned with measuring moderating factors, parametric analysis 
including multilevel regression modelling, and moderated linear regression analysis, 
exploring the efficacy of transforming performance scores to obtain normalised data 
was necessary. Several methods were attempted, including the commonly used 
logarithmic, inverse, and power transformations; however these methods did not yield 
normalised data as indicated by performance of Shapiro-Wilk tests on the transformed 
data. 
Therefore, alternative transformation methods, including the Box-Cox transformation 
(Box and Cox 1964 cited in Osborne 2010), a two-step rank and inverse normal 
distribution function (Templeton 2011), and the Johnson transformation were carried 
out. Subsequent to testing for efficacy using Shapiro-Wilk test of normality, the two-
step method was selected as exhibiting the highest Shapiro-Wilk p values.  
This method does not change the order of values, and hence statistical conclusion 
validity for inferences such as p-value parameters remains valid (Templeton 2011, Zeis 
et al. 2009). In the first step of the transformation, the fractional rank of each 
performance score from each Course was calculated. The distributions of the 
probabilities were assessed to be uniform through examination of histograms; thus the 
second step of the transformation was carried out using the inverse normal distribution 
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function, with mean 0 and standard deviation 100 (Abramowits and Stegun 1964 cited 
in Templeton 2011).  The Shapiro-Wilk test (p>.05) confirmed normality of posts and 
time performance scores for all three Courses, with actual p values ranging from posts 
low in Course 3 (p =.07) to time high in Course 1 (p=1.00).  
Transforming performance scores using the two-step method (Templeton 2011) has two 
advantages. First, scores are standardised, thus enabling causal relationships that 
transcend Course to be recognised and predictor variables on the criterion variable to be 
calculated (Hunter and Hamilton 2006) with the whole sample. Secondly, potential 
Type II error in subsequent multilevel linear regression analyses is reduced by 
increasing the variance in measured scores (MacCallum et al. 2002).  
Transformed values are denoted as follows in the remainder of the thesis. The 
transformed variable posts is denoted as tPosts, the transformed comments is denoted as 
tComm, and the transformed time is denoted as tTime. 
4.3.2 ANOVA Test between Gamification Conditions 
One-way ANOVA with post-hoc Tukey HSD tests were conducted with all Courses 
combined to determine if overall performance (i.e., ignoring the five-person study group 
effects) varied across the different conditions. Performance on posts significantly varied 
between the control condition and both gamification conditions (i.e., competition and 
cooperation). Calculations utilised transformed performance post scores as described 
above, i.e. tposts, with mean of 0 and standard deviation of 100.  Performance tPosts 
scores increased from control (M= -23.01, SD=100) to cooperative condition (M=13.62, 
SD=99) to competitive condition (M=18.80, SD=95). In that order, the differences 
between the three groups were statistically significant with F(2, 291)=5.176 , p=.006. A 
post hoc test using Tukey HSD identified significantly higher means for tPosts in 
competitive and cooperative conditions compared to the control condition. The mean 
difference between competitive condition and the control condition was tPosts=41.8, 
se=13.9, CI[8,75] p=.010. Similarly between cooperative and control condition, the 
mean difference was tPosts=36.7, se=13.9, CI[4,69], p=.024. 
Transformed performance scores for time or comments did not vary significantly across 
the three conditions. However, despite not reaching significance, more time was spent 
in cooperation (M=11.47) than in competition (M=9.98), and under both conditions 
participants spent more time than under the control condition (M=-12.75). These 
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findings are presented in Table 4.4 and Table 4.5 and provide evidence to support Q4 by 
suggesting gamification significantly improves performance as measured by posts 
irrespective of whether competitive or cooperative interdependence applies, in 
comparison with no gamification.  Additionally whilst the difference did not reach 
significance, the amount of time spent on StarQuest by participants under either 
gamification condition was greater than under the control condition. 
 
Table 4.4: ANOVA of Performance Scores between the Three Gamification 
Conditions 





tComms score correlation are for Course 1 only.  
 
Table 4.5: Post hoc Comparison of Performance Scores between the Three 











tComms score correlation are for Course 1 only.  
* p < .05 ; ** p < .001 
4.3.3 Scatterplot of Performance (tPosts) against FFM Personality 
Traits 
Figure 4.1 displays scatterplots of transformed, centred posts against each of the five 
personality traits, together with simple regression plot lines of mean tPosts against mean 
personality traits for each of the three conditions (i.e., cooperative, competitive, and 
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control) each with 80% confidence intervals displayed. As indicated by the plot lines, 
personality trait appears to impact performance. However, given the wide range of 
performance scores as measured by posts, the relationship does not appear as a well-
defined linear association but rather as an overall trend. The regression lines R2 for all 
plot lines, representing the goodness-of-fit of the linear models to the data, are presented 
in Table 4.6. Three values were greater than .05: Extraversion under competition 
(R2=.081), Extraversion under Control (R2=.061), and Agreeableness under cooperation 
(R2=.051). Also see Appendix 3 for individual scatterplot charts.  
The plots suggest that the relationship between personality and performance is 
oppositional between cooperation and competition in all traits but Neuroticism. As can 
Agreeableness, the regression lines of cooperation and competition have slopes 
differing with respect to sign (i.e. as one goes down the other goes up and vice versa). 
Examining the amount of overlap between the confidence interval plot lines between the 
five plots suggests that Extraversion is the best candidate as a predictor of performance, 
at least with respect to the measure tPosts, as the clearest differences in performance are 
exhibited at either end of the personality scale for it.   
Table 4.6: Linear R2 for Mean FFM Trait and Mean tPosts from Scatterplots (see 
Figure 4.1) 
 Cooperation Competition Control 
Values in () brackets indicate a negative slope.  
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Figure 4.1: Scatterplots of Transformed, Centred Performance Measure tposts 
against the Five Personality Traits.  
  
Simple regression line of 
mean tPosts plotted against 
mean personality trait for each 
condition along with an 80% 
confidence interval. Also see 
Table 4.6. and Appendix 3. 
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4.3.4 Correlation between Performance and Personality across 
Conditions 
See Table 4.7 below for the following discussion. Following verification of the non-
monotonicity assumptio
correlation was calculated between performance measures under each of the three 
conditions and was positive, highly significant for all, and all either medium or strong 
(Dancey and Reidy 2004); the minimum correlation, between tPosts and tTime, was 
.494 (p<.0005). The correlation between performance scores and FFM personality 
factors was also calculated. Table 4.7 presents these results also. These correlations, 
based on the transformed performance variables rather than the originals, mimic the 
patterns displayed by the originals as displayed in Figure 4.1 and Table 4.6 with respect 
to sign. 
Table 4.7: Performance Measure Means and Correlations; Personality Trait 
Correlations. 












 Mean for population is 0,  
tComms score correlation are for Course 1 only.  
* p < .1 ; ** p < .05 ; *** p < .001 
Open. = Openness, Cons. = Conscientiousness, Extra. = Extraversion, Agree. = Agreeableness, Neuro. = 
Neuroticism 
 
The results shown in Table 4.7 support Q6 as personality moderates performance. In 
addition, the direction of correlations for competition and cooperation, as shown in 
Table 4.7, are oppositional for tPosts in all but neuroticism as predicted by HO, HC, HE, 
and HA and reflected in Figure 4.1. Thus, for instance, the correlation between Openness 
and tPosts under cooperation is .070, whereas that under competition is -.059. This 
mimics the corresponding results for the original variable posts as shown in Table. 4.6.  
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As an additional test, correlations between non-transformed raw values of performance 
scores and personality traits were also calculated using non-
rank-order (rho). Since the Courses had different mean performance scores, the 
calculations were carried out separately for each Course as with the data for all Courses 
combined. The results were very similar (+/- .05) in terms of effect size and 




personalities on the relationship between gamification conditions and performance, 
individual students were viewed as nested within small groups. Since measures 
associated with individuals in a group are not independent due to shared group effects 
(Schellens et al. 2005), the assumption of independence required for application of 
traditional ordinary least squares regression analysis and analysis of variance were 
violated. As a result, multilevel modelling (MLM) was employed to test the hypothesis, 
as MLM provides the ability to incorporate the effect of within-group interdependency 
into the analysis (Hox and Kreft 1994, Raudenbush 2008). Additionally as highlighted 
in the methodology chapter, due to the high level of correlations between FFM traits as 
measured by the BFI instrument (DeYoung 2006), a marginal effects GEE was also 
carried out.  
As previously discussed, performance within the study was measured with three 
observed variables posts made, comments, and time in the system. However, 
confirmatory factor analysis (CFA) did not yield a satisfactory single measure based on 
these. In order to avoid duplicative explanations, only the performance variable posts is 
examined in full, with the results associated with the other performance variables 
comments and time, derived using the same methodology, reported in short form.  
IBM SPSS version 22 was used for the analysis, and, following established 
methodology for a multilevel model (Heck et al, 2013), a step-by-step approach was 
adopted. As recommended by Snijder and Bosker (1999, pp. 56-67), since the 
transformed performance scores were normally distributed and the number of level 2 
(i.e., group) units was relatively small whilst the number of fixed effects (i.e., the five 
FFM traits and the three gamification conditions) was large, restricted maximum 
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parameters. 
In multilevel analysis, choice of covariate structure influences the size of effects and 
their statistical significance. In order to select the appropriate covariance structure, a 
methodology outlined by Smith (2011) and Gurka (2006) was followed using the 
goodness-of-fit statistics 2LL, AIC, AICC, and BIC to select which of the several 
candidate covariance structures best fit the data while keeping the structural variables of 
the model the same. The unstructured, Toeplitz, variance component, autoregressive, 
and compound symmetry structures were tested, together with their heterogeneous 
variations where available. Heterogeneous covariate structures, in particular first-order 
heterogeneous autoregressive covariance, produced the best fitting model; however due 
to lack of existing literature on personality traits specifying the use of heterogeneous 
covariates, unstructured covariate structures were adopted instead. Unstructured 
covariates appear to be more commonly adopted by researchers in small group analysis 
(Bonito et al. 2012). Research on the use of multilevel statistical analysis for 
experiments incorporating personality traits suggests that if significance tests of fixed 
effects do not vary as a function of inclusion or exclusion of random error terms, the 
covariance matrices adopted are ine
(Nezlek 2011,  p. 21), even though the adoption of unstructured covariates resulted in 
lower statistical significances being derived in models where random effects for FFM 
traits were considered compared to heterogeneous covariates. In this respect, a future 
direction of exploration in statistical research may be the development of covariate 
structures specific to FFM.   
Table 4.8 contains parameter estimates for the four models presented and referred to 
throughout this section.   
In developing the multilevel model, Model 1, as shown in Equation (4.1) below, 
specifies the null, or no predictor, model, which provides an estimated mean 
performance score for all groups, partitioning the variance in performance into within- 
and between-group components. Model 1 can be expressed in mixed model form as 
follows:  
                                                Performance ij = y00 + u0j + eij (4.1)
The model shows how much group j  performance affects individual student 
performance, which consists of three components: y00 = average group performance or 
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grand mean, u0j = the extent group j ij = the 
variation in student i j.  
Model 1 also provides a measure of dependence of outcomes within each level 2 unit by 
way of an intraclass correlation coefficient (ICC), which establishes the degree of 
variance of outcomes incorporating the group effect as contrasted with no group effect.  
Table 4.8: Parameter Estimates under Models 1 through 4. 
  Model 1 Model 2 Model 3 Model 4 
* p < .1; ** p < .05; *** p < .01 
ICC indicated a significant proportion of variance in performance (i.e., number of posts) 
between groups as well as significantly varying intercepts across groups, i.e., ICC=.24 
or  24% (Wald Z=2.65 p=.004). When considering each of the independent conditions, 
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-group variation was significant at ICC=.36 or 36% 
(Wald Z = 1.801, p -group 
variation was not significant. Since the ICC for competitive condition was 36% and 
significant and that for both conditions was 24% and not significant, a multilevel model 
was adopted as the best approach to explain the variability within and between groups. 
Additionally to test the assumption of difference in outcomes across groups of different 
sizes, the reliability variable across groups was calculated by factoring in group size. 
The ICC reliability for the smallest group (i.e., n=3) was 63% and for largest group (i.e., 
n=9) was 90%. Having established the between-group ICC as significant (ICC> .05) 
(Hayes 2006), the full multi-level model was developed further.  
In Model 2, the individual-level random intercepts-only model, grand-mean centred 
FFM traits, and experimental condition GAME were added as fixed effects. Although 
FFM is made up of five traits, for the sake of simplicity, the five traits are represented 
simply as FFM in the equations, however in Table 4.8 the first letter of the personality 
trait is added to the end of the subscript, i.e., y10E represents y10 for Extraversion and so 
on. The Model 2 performance equation, shown in (4.2) below, is as follows:  
                        Performanceij = y00 + u0j + y10FFMij + y20GAMEj  + eij (4.2)
elements, Model 2 contains additional terms.  
GAME = experimental condition (i.e., cooperation, competition, or control). FFMij 
represents cross-level interaction between level 1 and level 2, y10 represents the group-
level average coefficient with variation fixed to zero at level 2; y20  represents variation 
in intercept for the group average of GAME with variation fixed to zero at level 2; and 
eij represents variation in estimating individual performance within groups.  
-2Log Likelihood (-2LL) deviance has decreased by 39.1 to -2LL=3472.87 
of freedom (1 fixed effect intercept and 1 random effect intercept) whereas Model 2 has 
10 degrees of freedom (1 fixed effect intercept, 3 fixed effects corresponding to the 
three GAME conditions, and 5 fixed effects for the FFM traits, as well as 1 random 
effect intercept). As a result, the difference in deviances is distributed as 2 with 8 
degrees of freedom under the null hypothesis that the variance of the random intercept 
component is 0. For 2(8)=39.1, the p value was less than .001, leading to the rejection 
of this null hypothesis.  
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The effect of y10FFM, i.e. group-level average personality coefficient, was significant 
for Extraversion, Agreeableness, and Neuroticism. For Extraversion, y10E=1.249 
(se=.373), t(272.72)=3.411, p =.001; for Agreeableness y10A=.941(se=.44), 
t(273.96)=2.127, p=.034, and for Neuroticism y10N=1.16 (se=.38), t(278.42)=3.047, 
p=.003. Thus, the null hypotheses that Extraversion, Agreeableness, or Neuroticism 
have no effect on the relationship between performance and gamification condition 
were rejected.  
The effect of y20GAME was also significant when comparing the intercept under the 
neutral (control) condition with y20cont=-22.78 (se=13.41), t(50.796)=-1.69, p=.003; 
under Cooperation with y20Coop=36.1 (se=18.52), t(53.25)=1.949, p = .003; and under 
Competition with y20Comp=39.09 (se=19.01), t(50.81)=2.057, p=.001.  
In Model 3, the group-level (level 2) random intercepts model, the group-level variable 
to explain variability in intercepts across groups was added, where y01 represents 
variation in FFM group mean. Model 3, (4.3) below, is as follows:  
        Performanceij = y00 + y01FFM_meanj + y20GAMEj + u0j + y10FFMij + eij (4.3)
This model is significantly different from Model 1 as it has 15 degrees of freedom due 
to the addition of FFM_mean, which represents the means for the five traits. The 
presence of this term thus adds 5 to the degrees of freedom.  2(13)=60.2 p<.001 and 
significantly different from Model 2, 2(7)=21.1, p<.005. However none of the effects 
for y01FFM_mean, the FFM group mean, was statistically significant. 
Finally, in Model 4, the interaction effects between group and individual level FFM and 
between GAME and individual level FFM and group-level variance for individual 
levels of FFM were added as follows in (4.4): 
Performanceij = y00 + y01FFM_meanj + y20GAMEj + u0j + y10FFMij +     
y11FFM_meanj * FFMij + y21GAMEj * FFMij + u1jFFMij + eij 
1jFFMij, which represents the 
group-level variance for individual level FFM-performance slope; y21GAMEj * FFMij, 
which represents the slope of interaction effect of GAME conditions with FFM at 
individual and group levels; and y11FFM_meanj * FFMij, which represents the slope for 
the interaction effect of FFM condition at group with individual level.  
The likelihood ratio test for Model 4 compared to Model 1 was significant, with 
2(38)=69.6, p<.001. Following the methodology of Hayes (2006), comparing the Q2 of 
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Models 4 and 1 reveals the proportion of the variance remaining after between-group 
differences are accounted for that can be explained by participant individual personality 
and by relative personality within the group. This level 1 pseudo R2=.52, analogous to a 
squared partial correlation, is the proportion of variance relative to variance in 
performance remaining after the difference between groups and interactions between 
game condition and personality are taken into account. In other words, the combination 
of game condition and personality accounts for 48% of the variation in performance as 
measured by posts. 
ty interaction with those of the rest 
of the group and for the interaction between FFM factors and game condition, all five 
personality factors appear to moderate posts. However only Extraversion and 
Agreeableness had significant values of p<.05.   
As predicted in HO1, Openness positively impacted number of posts under cooperation 
although not significantly, with y21O*coo=1.841, t(266) = 1.694, p=.091, and, as 
predicted in HO2, Openness negatively impacted performance as measured by posts 
under competition although not significantly, with y21O*com=-.532, t(266)=-.61, 
p=.542. With respect to HO3, performance of individuals with higher Openness scores 
improved under competitive conditions. 
As predicted in HC1, Conscientiousness negatively impacted posts under cooperation 
with y21C*coo=-.998, t(266)=-1.129, and as per HC2, positively impacted performance 
under competition with y21C*com=.384, although the interactions were not statistically 
significant. Conscientiousness also positively impacted the control condition, without 
reaching statistical significance at p=.05. 
As predicted in HE2, Extraversion significantly and positively impacted performance 
under competition with y21E*com=1.976, t(266)=2.744, p=.006, and, as per HE1, 
Extraversion negatively impacted performance under cooperation with y21E*coo=-.565, 
although the interaction did not reach statistical significance at p<.05. Extraversion also 
positively impacted performance as measured by number of posts under the control 
condition with y21E*con=1.727, t(266)=2.517, p=.012. 
As predicted in HA1, Agreeableness significantly and positively impacted performance 
under the cooperative condition with y21A*coo=1.926, t(266)=2.309,  p=.022. Contrary 
to the prediction of HA2, Agreeableness positively impacted performance as measured 
by number of posts under competition with y21A*com=.480, although this result was 
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not statistically significant. Under the control condition, Agreeableness also positively 
impacted performance as measured by number of posts with y21A*con=.036, although 
again the interaction did not reach statistical significance at p=.05.  
Neuroticism impacted performance positively under all conditions, with 
y21N*com=.922 under competition and y21N*coop=.858 under cooperation although 
these were not significant. Only under the control condition did the interaction approach 
statistical significance with y21N*con=1.493. 
4.4.1 Comparison of Competition and Cooperation as Moderated by 
Personality Traits 
Starting with Model 4 and substituting each of the five factors for FFM and each of the 
three conditions for GAME, the equation included 50 parameters. Given such a high 
number and consequently a larger variation than assumed in chapter 3 in estimating 
sample size, the sample of groups j=57 and participants i= 294 proved insufficient for 
calculation of all parameters, in particular the random variance coefficients for the 
personality factors in just one calculation. Additionally, since the previous calculations 
included the control condition as well as the competitive and cooperative conditions, the 
estimated variables did not provide a clear comparison between competitive and 
cooperative conditions. Thus, a more parsimonious approach was adopted, using the 
same mixed-level methodology as described earlier but reducing the number of 
variables to include only participant groups under competitive and cooperation 
conditions and considering only one FFM factor at a time. In this way, model 
parameters were reduced to 10. The results of this model are shown in Table 4.9 below. 
Table 4.9: Model 4 Parameter Estimates after Model Modification to Reduce 
Number of Parameters. 
                        Model 4 FFM Personality factors  
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* p < .05 ** p < .01 *** p <.001 
4.5  
As outlined in the methodology chapter, a generalized linear model using the general 
estimating equation was calculated, incorporating information for 199 participants (104 
under the cooperative condition and 95 under the competitive condition) within 39 
groups and accounting for the interaction between group FFM and individual FFM in 
the model. Table 4.10 below provides the parameter estimates from GEE. Interaction 
between gamification condition and Openness as it impacts performance measured by 
posts was significant with a Wald 2(1)=4.165, p=.041, where Openness positively 
impacted cooperation and negatively impacted competition. Similarly the interaction 
between gamification condition and Extraversion was significant with a Wald 
2(1)=7.806, p=.005, where Extraversion significantly and positively impacted posts 
under competition and negatively under cooperation.   
Table 4.10: Parameter Estimates for tPosts under Cooperative and Competitive 
Conditions Using the Generalized Estimating Equation. 
Parameter  
Std. 
error Wald X2 Sig. 
* p < .05 ** p < .01  
Open. = Openness, Cons. = Conscientiousness, Extra. = Extraversion, Agree. = Agreeableness, Neuro. = 
Neuroticism 
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4.6  
This chapter provided the descriptive and inferential statistics for the empirical study of 
this thesis. Significant evidence exists to support the inclusion of gamification in 
StarQuest as improving performance. Although the difference between competitive and 
cooperative conditions was not significant, nevertheless performance as measured by 
posts was higher under the competitive condition than under the cooperative one, and 
performance as measured by time was higher under the cooperative condition than 
under the competitive.  
Whilst there is support for the majority of the hypotheses presented in Chapter 2, only 
Extraversion and Openness appear to be statistically significant in moderating 
performance as measured by posts between the two interdependent conditions of 
competition and cooperation. The next chapter discusses these findings in greater detail.  
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5  
The final chapter of this thesis summarises the main findings of the research and 
scientific and commercial implications of each finding in the context of the body of 
, and the rich areas of possible 
research that its conclusions suggest are highlighted. 
5.1  
Game elements of points, status, goals and leaderboards were incorporated in the 
StarQuest platform in such a way that activities in the platform were framed as 
competitive or cooperative interdependent structures (as contrasted with the control 
condition, which excluded game elements). Performance levels as measured by number 
of posts, number of comments, and amount of time spent on the platform were captured, 
stored, and analysed at the conclusion of the study. 
The outcome derived from the efforts of the 294 participants in the three courses, who 
between them spent 636 hours interacting with the three conditions of StarQuest (i.e., 
competition, cooperation and control) provided statistically significant differences in 
performance as measured by number of posts. Under this performance metric, 
participants performed 14% better under the cooperative condition than under the 
control and 16% better under the competitive condition than under the control. These 
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Since the StarQuest experiment incorporated the same participant study groupings that 
the st had placed them in previously, with a median of five individuals per 
group, a multilevel analysis was thought to provide a more accurate measure of relative 
difference in performance. In multilevel analysis, taking into account moderating effects 
an 
marginal mean differences were higher and statistically significant at a higher level. In 
comparing cooperative and control conditions, the mean difference was higher in favour 
of cooperation with posts=40.461, se=15.12, Wald CI[10.8,70.1], p=.007, i.e., 15.7% 
±6% more posts. In comparing competitive and control conditions, the mean difference 
was also higher in favour of competition with posts=46.696, se=15.249, Wald 
CI[16.8,76.6], p=.002, i.e., 18%±6% more posts. Although the difference between time 
spent on each of the platform conditions was not statistically significant, results 
concerning number of posts point to the importance of how time on the platform was 
spent.   
The study results further reinforce suggestions made by other researchers (Hamari et al. 
2014) concerning context and perceived utility as a greater determinant of adoption and 
usage than gamification. Participants were drawn from three undergraduate courses
media and communication (first year), computer science (first year), and sports 
psychology (second year). In general, first year students tended to use the platform far 
more than those in second year. The lack of established relationships and familiarity 
between individuals may account for this, as first year students in their first semester of 
studies, when the experiment took place, have not typically had as much time as second 
year students to become acquainted with one another. Another factor determining 
differences in usage may lie in the contextual use of the platform and its perceived 
utility by the participants. The students drawn from the media and communications 
course, by the nature of their interest, tended to be more adept at finding and sharing 
media on the web, unsurprising since their activities aligned closely with the core 
functionality of StarQuest, i.e., finding and sharing digital media. In comparison to 
these students, the computer science students spent on average 51% less time and made 
33% fewer posts. Also in comparison to the media and communications students, those 
from the sports psychology course spent on average 50% less time and made 69% fewer 
posts. In addition, given that computer science and sports psychology students may 
naturally tend to rely less on sharing rich media such as videos and images than do 
communication and media students, their perception of a platform dedicated to sharing 
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such media would represent a lower level of utility than for students from the other 
courses.   
Given the varying efforts that the participants from the different courses expended in 
StarQuest, the findings that gamification improved performance cannot be readily 
generalised to state that gamification will always improve performance to the same 
extent. Furthermore, as highlighted previously, one of the critical factors in adoption 
and use of a platform is its utility in a given context.  
5.1.1 On the Role of Social Interdependence, Competition and 
Cooperation in StarQuest 
The literature review chapter established the gap in scientific knowledge as it relates to 
the differences in participant performance engaged in cooperative versus competitive 
gamification. By using framing techniques in StarQuest, each of the gamification 
conditions was communicated to the participants. Under the competitive condition, 
participants were encouraged to compete with one another within their group on the 
basis of individual scores, status, goals, and leaderboards. Under the cooperative 
condition, presentation of group scores, status, goals, and cooperative leaderboards 
encouraged them to cooperate in pursuit of group goals and group scores.  
Despite not reaching statistical significance, participants in all three courses using 
StarQuest made more posts under the competitive condition than under the cooperative 
condition. However the difference in performance between cooperative and competitive 
was very slight, around 1 to 2%. Conversely, participants seemed to spend slightly more 
time on the platform in the cooperative condition than in the competitive condition 
(around 1%). Even after counting all 5,895 sessions across the whole experiment, of 
which 1,441 sessions were under competitive condition and 1,582 were under 
cooperative condition, the cooperative condition total time was only 10 seconds longer 
on average than the competitive condition, which lasted on average 6 minutes and 30 
seconds. Under the control setting, the average session length was 5 minutes. Even 
though on the whole performance as measured by posts was slightly higher under the 
competitive condition as compared to cooperative condition, given the overwhelming 
evidence in support of using cooperative interdependent structures in education 
(Johnson 2013), and the evidence provided by StarQuest indicating more time being 
spent on the platform under cooperative condition, the exploration of cooperative 
framing of game elements in gamification remains advisable.  
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5.1.2 On the Moderating Effect of Personality Traits on Performance in 
StarQuest 
As predicted in the literature review and the subsequent hypothesis formulation, 
personality traits measured through FFM did indeed appear to moderate individual 
performance within StarQuest, although effect sizes were generally small, a finding that 
was expected based on the review of related literature, which documented the same 
result. With respect to traits, significant results were obtained.  
Critically the direction of influence for all personality factors with the exception of 
Neuroticism followed predictions derived from related literature. On the whole, 
individuals with higher Openness, lower Conscientiousness, lower Extraversion, and 
higher Agreeableness scores performed relatively better under the cooperative condition 
than under the competitive condition. Similarly individuals with lower Openness, higher 
Conscientiousness, higher Extraversion, and lower Agreeableness scores performed 
relatively better under the competitive condition than under the cooperative one.  
The most robust predictors of performance as measured by posts under the two 
gamification conditions (i.e., competition and cooperation) was Extraversion, where its 
moderating effect was significant at Wald (1)=7.806, p=.005. In all statistical 
analysis, including Pearson correlations, the multilevel mixed method, and the 
generalised estimating equations, those higher in Extraversion significantly 
outperformed those with lower scores in terms of number of posts under the competitive 
condition, with a small effect size of R2=.08. Whilst the opposite impact was measured 
under cooperative condition, with Extraversion reducing the number of posts, the size of 
the effect was even smaller at R2=.02 and did not reach statistical significance.  
Openness was a significant moderator of performance as measured by posts under both 
conditions with Wald (1)=4.165, p=.041. Individuals higher in Openness performed 
significantly better under cooperation, with a positive effect size of R2=.07. Although 
Openness negatively impacted performance, the effect size was even smaller at R2=.03, 
and it did not reach statistical significance.  
Agreeableness moderated performance positively under both competitive and 
cooperative conditions. However whilst the interaction was measured as significant 
under the cooperative condition with effect size of R2=.05, the effect under competition 
was less, with R2=.02, and did not reach significance, thus implying that, whilst 
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Agreeableness is not a determinant of performance under competitive conditions, it does 
lead to higher performance under cooperation.  
The moderating effects of Conscientiousness and Neuroticism were, however, relatively 
less significant, whilst the direction of effect for Conscientiousness, following the 
predictions in literature, did not reach significance. Additionally Neuroticism appears to 
positively affect performance of posts throughout all conditions.  
In addition, parameter estimates from the generalized estimating equation results were 
used, focusing on Extraversion and Openness only, as only these two traits suggested a 
significant effect between the conditions and had similar positive and negative impacts 
in oppositional direction on performance as measured by number of posts. Competition 
appeared the slightly more promising condition to increase performance overall in 
StarQuest. However if this were to be generally adopted in the educational setting, 
individuals who are more open, more agreeable, and less extroverted would perform at a 
relatively lower level. Thus, by shifting competition to between teams and adopting 
within-team cooperative framings, it may be possible to satisfy the desire for both 
interdependencies and maximise performance.  
The intraclass correlation for the group effect was measured at ICC=.24 or 24% (Wald 
Z=-2.6, p=.004) indicating that the impact of others within the group was potentially 
moderating effect of personality on performance is less a predictive measure of 
performance than the effect composed of the amount of effort others are expending in 
the group. Thus, other contextual factors, such as efforts of others, may be a higher 
determinant of performance than personality.  
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5.2  
As explored in Chapter 2, over 80% of empirical studies in gamification fail to provide 
significant evidence of improved performance, particularly with respect to the way in 
2014). Increased motivation has been assumed to increase productivity, all else being 
equal (Annetta et al. 2010), but the majority of gamification studies do not claim that 
increased motivation leads to improved performance. Such a discrepancy in reported 
results within the research literature, further fuelled by claims of gamification 
proponents, who claim the earning of points can replace the need for valuable 
interpersonal interaction (Herger 2014, Mollick and Rothbard 2013), create significant 
problems for the domain over the longer term, as results derived from real world uses 
fail to live up to claims within the academic literature. Thus, a number of researchers 
(Bogost 2011, Rey 2015) have strongly objected to the claims of Zichermann and 
Cunningham (2011), and calls for more nuanced and meaningful approaches (Deterding 
2013, Dyer 2015, Nicholson 2015) to incorporating game elements into every-day 
activities are beginning to be heard. 
In addition, recent meta-analyses on the efficacy of serious games to educate concluded 
that reaching reliable deductions with respect to these claims was impossible (Girard et 
al. 2012). Similarly, owing to the wildly varied nature of the fields involved in the 
research, the experimental procedures required, and other contextual elements, there is 
little scope to prove the effectiveness of gamification in increasing performance in all 
circumstances.  
However, as with some successful serious games, the empirical study reported in this 
thesis suggests that gamification can succeed in improving outcomes in some situations. 
While its potential for universal success is far from guaranteed, its findings indicate 
indeed increase performance level. Just as no one game genre suits everyone, no 
gamification will suit every situation or context, and, as explored in Chapter 2, the core 
causal links are more likely to be based on the utility of feedback than on extrinsic 
rewards. Incorporating gaming elements through sensitive and meaningful approaches 
that focus on adding genuine value to the end-
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function of utility have the potential to increase performance levels, although the 
sustainability of improved performance is as yet unclear.  
Where competition offered marginally better performance with respect to posts, 
cooperation offered marginally better performance with respect to amount of time spent 
on the system. Given the evidence in support of individual personality traits leading to 
preferences with regard to competition and cooperation gamification dynamics, 
strategies that incorporate personality-based personalised gamification offer the 
potential of yielding higher performance as compared with the current one-size-fits-all 
competitive approach adopted by industry. However, given the complexities of 
developing personalised systems, a general strategy for use of one-size-fits-all approach 
could involve the incorporation of both types of interdependence, similar to team sports 
where individuals cooperate with one another whilst competing against other teams, in 
this way appealing to the broad range of personality traits within individuals which 
moderate preferences of interdependence structures.    
Cooperative interaction remains extremely rare in gamification; as noted earlier some 
90% of the empirical studies in the literature review used competition as their primary 
dynamic for engaging and comparing users. Thus, the development of StarQuest 
provides a methodology for creating cooperative leaderboards and providing group 
based points, goals, and status. As the use of gamification expands and further matures, 
and given the evidence provided by StarQuest that indicates higher performance by a 
considerable proportion of individuals based on their personality, it is advisable that 
designers and researchers of gamification explore the potential of cooperative 
gamification and make greater use of it in their platforms and experiments.  
5.3  
One limitation which possibly reduced t
of criticality of outcomes to participants. The StarQuest experiment presented a 
situation of outcome cooperation and outcome competition, described respectively in 
detail in Chapter 2 as working independently but winning or losing together and as 
working independently to compete on outcomes. However, as identified in the 
methodology chapter, due to ethical concerns and the exploratory nature of StarQuest, 
hin their courses were not at stake 
as a result of the experiment. Participation was voluntary, and efforts did not form a 
basis for any type of summative assessment. Additionally, StarQuest did not offer a 
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method by which means or resources could be made interdependent; participants all had 
equal access to the platform, thereby enabling them to do as much or as little as any 
other participant and, whilst the effort was in fact cooperative under all three conditions 
in that material found by one member of the group was shared with all group members, 
the only means through which interdependence was manipulated was through rewards. 
Taken together, these considerations present a challenge to the premise of the 
experiment with respect to comparing the influence of cooperation and competition. Not 
only were there no interdependent means, but the interdependence of outcomes was 
purely within StarQuest and thus had no other real-world consequences.  
Since the results from the experiment presents outcome cooperation against outcome 
competition, as defined in the unified framework for competition and cooperation in 
Chapter 2, where the outcome in itself is not considered to be critical to the subject, the 
findings are less likely to be as robust or significant as an experiment comparing 
hypercompetition with hypercooperation. This factor may explain the lack of statistical 
difference in performance between the competitive and cooperative conditions of 
StarQuest.  
The multilevel nature of the interactions resulting from 
presents another potential limitation of the study. Although effects were measured, the 
lack of significance in some of the moderating effects of personality traits measured 
may be due to lack of sufficient number of participants representing each trait under 
each of the three conditions which would magnify the potential for a Type II. Despite 
thousands of posts and many hundreds of hours spent on the platform, the relative small 
number of individuals within each set of interactions meant that, in order to reach 
statistical significance for some of these effect sizes, larger samples may be required. 
Nevertheless some significant results were obtained.  
5.4  
5.4.1 Choice of a Theoretical Framework Underlying Design 
The most prominent motivational theoretical frameworks used in gamification concern 
the delineation between intrinsic and extrinsic motivation followed closely by self-
determination theory (SDT) and flow theory. SDT encompasses both intrinsic and 
extrinsic motivation on a continuum focusing on autonomy, competence and 
relatedness. However, one promising motivational theory that remains largely 
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unexplored by gamification researchers is expectancy-value theory, which aims to 
describe the causal link between action and reward as a driver of behaviour. Supported 
by empirical studies across the fields of game theory and instructional as well as game 
design, expectancy-value theory has been considered as a methodology to predict 
optimum rewards for specific actions in the context of social or individual settings, with 
further exploration in gamification offering the future potential for developing 
expected outcomes as opposed to generic reward systems. The results of this study 
suggest the addition of personality factors to be considered within this theoretical 
framework with respect to personality preferences as a predictor of perceived value of 
an activity within a gamified system.   
As indicated earlier in this chapter, goal-setting and goal-setting theory offer one of the 
most pragmatic frameworks for design of goals within gamification systems as they 
provide a systematic approach for effectively increase performance. Focusing on 
pragmatic methodologies such as user-centric design, such as that used in the design 
process of StarQuest, the user-centred theoretical framework for meaningful 
gamification has been proposed by Nichoson (2012, 2015), offering a theoretical 
foundation for focusing on end-
Similarly frameworks such as mechanic-dynamic-aesthetic (MDA) are pragmatic tools 
in gamification design gamification, although as identified in the introductory chapter, 
the rich tapestry offered by game dynamics such as emotion and narrative remain 
underutilised in this area.  
Recognising the lack of a specific theoretical framework for gamification, a number of 
authors have proposed new theories as well as user-centred theoretical frameworks for 
meaningful gamification. Landers and Landers (2014, 2015) proposed a theory of 
gamified learning, linking specific game elements to learning outcomes and offering 
empirical methods to test their theory which draws on goal-setting theory and 
educational research. Finally, by combining intrinsic and extrinsic motivation theories 
with game dynamics and so-called immersive dynamics, Amir and Ralph (2014) 
proposed a gamification effectiveness theory, although it requires further empirical 
validation. In review of gamification-
meaningful gamification emphasizes the need for deeply understanding and 
appreciating the end-user in the design, acknowledging the situational relevance and 
situated motivational affordance of specific game mechanisms. In the pursuit of 
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personalised gamification based on personality or individual preferences, this study 
description through its recognition that game elements and game dynamics are 
situationally relevant, and, as such, systems that drive them must be designed with 
preferences in order to achieve the greatest effectiveness. As suggested by the results of 
the StarQuest empirical study described in this thesis, and in support of theory of 
affinity toward either a competitive or a cooperative reward structure and as such the 
potential for further development of similar theories and methodologies of meaningful 
gamification taking into account personality preferences can be developed toward 
ess in delivering improved outcomes. 
5.4.2  
 
The unified model of competition and cooperation presented in Chapter 2 offers nine 
different interdependence situations that ranged from positive interdependence in both 
means and rewards, termed hypercooperation, to negative interdependence of both 
means and rewards, termed hypercompetition, and combinations thereof. The 
interdependence of goals, resources and rewards presented through the gamification of 
StarQuest provided the opportunity to explore outcome competition and outcome 
cooperation as defined in the unified competition and cooperation framework, finding 
significant results. Thus future gamification research and development may explore the 
range of other interdependencies offered within the unified framework of competition 
and cooperation, including contrariant and hyper variations of competition and 
cooperation.  
Additionally the empirical experiment described in this thesis did not make use of 
between team interdependence such as inter-team competition or incorporation of inter-
team competition together with intra-team cooperation. Given the complexity of 
personalised systems future experiments may also focus on combination of 
interdependence by mixing cooperation within teams and competition between teams.  
Such pragmatic approaches which offer a one-size-fits-all experience are commonplace 
in  such team sports as football and are increasingly being used in entertainment social 
games such as Clash of Clans to maximise player engagement and performance.  
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5.4.3 Incorporation of Realistic Risk of Loss and Gain in Experimental 
Design 
A further direction for empirical studies would be to ensure actual interdependence of 
resources and rewards beyond the reach of an experimental platform, for example by 
treating the results from StarQuest as summative assessment contributing to the 
rlier, such experimentation may run afoul of 
ethical considerations, as a group of students who receive lower grades as a result of an 
experimental study where the researcher was aware of the possibility of such effects 
could be difficult to gain acceptance by a study board.  
 
5.5  
This dissertation and the StarQuest experiment presented herein point towards the 
potential for future gamification studies that go beyond the commonly adopted 
competitive interdependence, by providing evidence in support of both cooperative and 
competitive elements which appeal to differing personality traits and preferences which 
moderate performance. Moreover, the presentation of a unified model of cooperation 
and competition drawn from game theory and social interdependence theory offers the 
potential for a more nuanced approach to exploration of this domain. Finally this work 
identifies future directions for gamification research and development, achievable by 
exploring a range of interdependencies identified in the unified framework of 
cooperation and competition as well as suggestions of incorporating contrasting 
interdependencies at both within-group and between-group levels. 
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 Aim/Objective of Study Method Conclusions 
Berenguer
es et al. 
(2013) 
To measure the effect of 
using emoticons and 
sounds to motivate more 
recycling. 
During four weeks collection 
rates of a standard bin vs a bin 
which rewarded users with an 
emoticon was measured. 
The bin with emoticons collected 3 times 
more than the standard bin. 
Brauner et 
al. (2013) 
To investigate the effects 
of gamification in 
promoting and hindering 
engagement in 
exergames. Contrasting 
young vs elderly as well 
as gamer types, 
personality factors and 
technical expertise. 
71 volunteers between age 20 
to 86. In a controlled 
experiment were asked to play 
an exergame controlling for 
age, inclination towards games 
(whether the participants liked 
playing board games, 
computer games or movement 
games), gaming motivation 
and performance variation. 
72 % stated that the Exergame would 
increase their motivation to exercise. Older 
players were inclined to replay the game 
more than younger users. Level of 
performance motivation was not correlated 
with the Bartle gaming score. Performance 
within the game is not affected by 
performance motivation but by gamer type. 




Investigate the effect of 
gamification on task 
completion for children 
between 5 to 7. 
Two groups of 7 children 
mean age 6 yrs participated in 
a standard and gamified 
version of the task. The second 
study included prizes such as 
stickers, toy cars etc. 
Use of gamification increased the study 
task completion rate from 73% to 97%. Use 
of points for completed tasks increased 
engagement. Use of prizes that children 
earned throughout the study but only 
received at the end can motivate children to 
complete tasks in empirical lab designs. 
Burkey et 
al. (2013) 
To measure and improve 
student's interest and 
engagement toward a 
course using gamification 
. 
51 and 46 senior students 
across two years were divided 
pre- and post gamification of 
their activity. Measures were 
taken using experience points, 
grades attained and pre- and 
post-surveys to measure their 
attitude toward the course. 
Result of T-test shows there is no 
significant difference in the grades 
achieved whether gamification was used or 
not. From the qualitative survey; a) attitude 
toward the class was improved with 
gamification. b) experience points for 
activity was valued highly by the students. 






To investigate and report 
the use of applying 
gaming aspects as a 
means to promote self-
study and increase 
motivation to train for 
executing operations on 
human space flight 
missions that have a 
The study took about 1 and 
half hours. During the 
evaluation, a specialist was 
seated next to the participant to 
observe and answer any 
questions. The experiment was 
performed by fifteen 
participants who walked 
through the demonstrator with 
Results found that participants didn't 
engage with the game-like features as first 
predicted. Many users found the 
demonstrator too child-like and some even 
got put off by having gamification aspects 
like achievements included. More focused 
research needs to be done in order to 
conclude any application for gamification 
in astronaut training. 
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duration that exceeds the 
typical duration of low 
earth orbit missions. 





To evaluate the use of 
gamification for 
employee orientation. 
248 new hires were invited to 
participate in survey questions 
pre and post joining a firm. 
According to the researchers 92% 
participated and 75% completed all rounds. 
41% named the game format as an 
appealing method of engaging with the 
enterprise social networking site. 
Duarte 
(2012) 
To study the effects of 
visualisation and 
gamification techniques 
in motivating participants 
in a requirements 
elicitation task. 
21 participants reviewed three 
rounds of design and 
refinement on a platform 
created for eliciting user 
requirements. 
The research supports the use of 
gamification as having a positive impact on 





Measure effects of 
gamification to engage 
and motivate software 
development students. 
32 groups of between 2 or 3 
students were tested in two 
cases. A) could only see their 
own metrics B) could see the 
metrics of all other groups 
within the same task. 
Overall very little difference between the 
gamified (using competition) and non-
gamified approach. In case A students try 
to maximize their own metrics, in B 
students use the metric of other students as 
a benchmark for their activity. The 
researcher concludes that competition may 
be better than no competition. 
Dumitrach
e et al. 
(2013) 
Compare a gamified 
crowdsource application 
for extracting annotation 
from medical text with 
Natural Language Parser. 
11 participants, 10 players 
engaging with the gamified 
version and 7 engaging with 
the simple version. 
The quality of annotations through the 
gamified example where comparable to 
those of the NLP parser (i.e. gamification 
did not improve the outcome). Allowing 
players to access each others' answers 
increased agreement between annotators 







To examine the use of 
context (where the user is, 
what they are doing) to 
trigger game elements for 
a field study of a mobile 
application used for 
orienting new students in 
the university. 
26 first year university 
students used the application. 
Their usage pattern together 
with questionnaires were 
collected and analyzed. 
Overall the reported use of context was 
well received by participants when 
compared to game elements that required 
no context. 50% of users prefered location 
based QR codes to keypad as input devices 






Investigates the use of 
game achievements when 
applied to a mobile 
application designed to 
help new students at 
university. 
26 first year university 
students (male = 17, female = 
9), ages ranged from 17 to 45 
years old with an average age 
of 20 years. Participants took 
part in the study during 
orientation week at university, 
The results concluded show that adding 
gamification elements such as 
achievements were enjoyable for the 
students when using the app, however 
many of the activities in the app such as 
checking in (82% check in 1-3 times) and 
adding friends (68% added 1 or less 
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they were provided a link to 
download the application and 
set it up on their mobile device 
friends) were only used 1-3 times. 
Foster 
(2012) 
Assess the impact of 
gamification of an 
engineering course on the 
engagement and learning 
levels of the students. In 
particular to examine 
whether a greater number 
of tasks or examination of 
tasks in a deeper and 
more nuanced way is 
achieved. 
From a cohort of 300 students, 
two groups of 5 individuals 
were selected representing 
course entrants from 2010 and 
2011. In each year the number 
of analysis was counted. 
The 2010 cohort (no gamification) 
managed 3 sets of analysis. The 2011 
cohort (with gamification) achieved 8 sets 
of analysis. Suggesting a significant 
increase in the use of design engineer 
thinking through use of gamification. Low 
performing teams showed the greatest 




To increase the 
knowledge of enterprise 
gamification and provide 
a proof of concept on its 
ability to increase usage 
and employee 
engagement. 
Survey of 15 employees 
together with literature review. 
The employees of the firm surveyed were 
motivated by self-actualisation but not by 
competition or status. Therefore any 
designed game layer was to focus on the 
individual development not by comparing 
progress. The researchers noted that the 
main activity of the game 'should be' to 
write a log of the employees activity. 
Firth 
(2013) 
Investigate the impact of 
gaming elements on 
location-based social 
networks (such as 
Foursquare) on people's 
mobility decisions. 
36 interviews of frequent 
Foursquare users. 16 women 
and 20 men. Using grounded 
theory approach (Charmaz 
2006; Glaser & Strauss 1967) 
Coding and theming as the 
interviews took part. 
Badges seemed to be enough reward in 
themselves to encourage behaviour. The 
reward of gaining 'mayorship' had a 
profound effect on where participants 




To explore the 
motivational framework 
of gamification using 
points and leaderboards to 
engage customers in 
managing their electricity 
demand using their smart 
grid. 
12 subjects were provided with 
a prototype interface to set 
review and set their electricity 
usage. The survey used a 
likert-system with an 
AttrakDiff and System 
Usability Scale. 
The study showed a potential high user 
acceptance and consumer engagement to 
participate in such a platform. 
Hahn 
(2012) 
This research evaluates 
Ribbon Hero 2 (RH2), a 
gamified help system for 
Microsoft Office, and 
investigates whether it 
supports and encourages 
mastering of a software 
The research consisted of two 
elements; the evaluation of 
RH2 using the game flow 
criteria proposed to clearly 
show that it is a game despite 
its claims of the creators and a 
situated co-inquiry with 6 
participants to determine their 
Based on the game flow theory of RH2 
review several issues conceptually and 
technically were uncovered. Moreover 
during the co-inquiry similar issues arise 
which shows that bugs in a learning 
environment can cause dramatic impact on 
motivation and learning outcome. In 
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application. attitude towards learning and 
games. 
he co-
inquiry people's perceptions of using games 
for help software are still positive. 
Hamari 
(2013) 
To investigate if adding 
badges with clear goals 
and the ability to compare 
with others to a peer-to-
peer trading system 
increased user activity 
and sociability. 
Experiment (2x2 design) 
conducted over 1.5years, 
existing users on the platform 
were evenly assigned to four 
test groups; Group one had no 
social comparison or goals, 
Group two had social 
comparison but no clear goals, 
Group 3 had clear goals but no 
social comparison and Group 4 
had social comparison and 
clear goals. 
There was no support for the two 
hypotheses;A) social comparison increases 
usage activity and B) clear goals increase 
usage activity. The group with badges did 
not produce statistically significant 
improvements in the quality of the work. 
Therefore concluding gamification did not 





Investigate how social 
factors (social influence, 
recognition, reciprocal 
benefit, network 
exposure) predict attitude 
toward gamification and 
intention to continue 
using the gamification 
service. 
107 participants were surveyed 
with respect to their attitudes 
towards gamification. 
59.8% reported their intention to use the 
service was because of gamification. 45.1% 
would recommend the system because of 
gamification. Of the reasons to engage - 
13.4% reported social influence. 33% 
recognition and 44.6% perceived reciprocal 
benefit. Results indicate 'recognition' is not 
directly affecting attitudes toward 
gamification, although it may have had the 
indirect effect through perceived reciprocal 
benefits. Enabling users to get exposed to 
attitudes of others and receive feedback can 
positively influence attitude - perhaps 
because of gaols (Locke et al. 1990) 
Herzig et 
al.(2012) 
Measure the impact of 
gamification in improving 
user participation and 




perceived usefulness, ease 
of use, and behavioral 
intention. 
112 participants evaluated 
through Technology 
Acceptance Model a prototype 
of a gamification of SAP 
Enterprise Resource Planning 
software, compared with 
existing non-gamified version. 
Gamification version improved enjoyment 
by 53%, flow by 30%. Experiment 
confirmed : Telepresence has a positive 
effect on flow. The perceived quality of the 
interface has a positive effect on flow. 
Perceived enjoyment has a positive effect 
on perceived ease of use(PEOU). PEOU 
has a positive effect on Behaviour 
Intention. Experiment disproved : Flow has 
a positive effect on perceived usefulness 
and perceived ease of use. Speed of 
interaction has a positive effect on flow. 
Herzig et 
al.(2012) 
To present a generic 
platform for enterprise 
gamification, deriving an 
architecture for 
Based on a literature review, 
identifying the requirements 
many gamified systems need; 
provide immediate feedback, 
The gamification of enterprise systems 
offers a wide range of relevant topics for 
researchers and practitioners. Moreover, a 
generic architecture for gamification and its 
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and best practices. 
author goals/challenges and 
rules to the users, the proposed 
architecture was created. A 
prototype is built to 
demonstrate the basics of the 
architecture and leaves room 
for future research. 
integration into Enterprise Information 
Systems (EIS) has been proposed, future 
research will try to investigate the mobile 




To motivate students to 
think before answering 
questions in WebIDE; a 
web-based online learning 
environment for teaching 
Java and C concepts. By 
redesigning the user 
interface and adding a 
scoring mechanism. 
Conducted through the first 
fall quarter of 2012 where two 
groups; Control were a new 
user interface was applied but 
no score mechanic and 
Experimental were a new 
interface and score mechanic, 
were tested. Historical survey 
data from 2011 was used to 
compare between the new 
interface and old interface. 
There were no significant statistical 
differences in the output between the new 
and old interface. Implementation of a 
score system improved the attitude of 
students toward the application however it 
did not yield in higher performance as 
compared with the control group. 
Hsu et al. 
(2013) 
To identify attractive 
gamification features for 
collaborative storytelling 
website. 
A hierarchical system structure 
of gamification design were 
conducted through group 
interview with 18 users to 
identify 35 gamification 
features. The relative 
attractiveness of these features 
were measured through an 
online survey of 6333 
participants. 
The top 10 most attractive gamification 
features could account for more than 50% 
of attractiveness amongst the 35 features 
identified. Unpredictable time pressure was 
an important feature which seems missing 
from previous relevant studies. Top 10 
features were : 1.Clear relationship 
between act and reward, 2. Types of time 
pressure unpredictable. 3. Instructions are 
easy to learn. 4.Users can build their own 
team. 5. Badges are diverse. 7. 
Leaderboards are diverse. 8. Points can be 
easily accumulated. 10.Gifting is possible. 
Hulsebosc
h (2013) 
To identify methods of 
improving user 
involvement using 
gamification by targeting 
specific audiences by 
their demographic. 
Literature review of the effects 
of demographics on 
engagement in games where 
explored. Afterwards a series 
of case studies were analysed 
to see whether the 
characteristics of the target 
audience matched user 
participation in a number of 
cases. 
Men score significantly higher on the 
Bartle game score for activities pertaining 
to Achievement - Advancement and 
Competition. Women score significantly 




To asses if a designed 
game could provide a 
positive effect on 
motivation for 
Two stroke patients played the 
game, providing feedback on 
IMI (Intrinsic Motivation 
Inventory) and CEQ 
Mean score of 5.8 for IMI, implying a 
positive result of enjoyment, perceived 
competence, effort, usefulness and 
relatedness. CEQ returned similar results as 
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rehabilitation training of 




regular therapy. Game was noted as not a 
replacement for exercise. 
Janitzek 
(2012) 
To explore the causes for 
the lack of take up of 
gamification - the 
hypothesis being 
'gamification has not 
diffused the way it should 
have' 
A holistic single case study, 
interviewing gamification 
'experts' and gamification 
vendors. 
The key finding is that the diffusion of 
gamification is due to the high level of 
uncertainty around the innovation that the 
early majority do not see the value of 
investing in the domain. Since gamification 
does not require any real skill of the end 
user it can be perceived as shallow. It is 
difficult for a gamification application to 
provide real challenges, that would require 
the end-user to fail. The dominant design is 
described as 'Foursquare blueprint' - taking 




To study if the MDA 
framework can be used in 
gamification of 
marketing. 
5 participants took part in 
semi-structured interviews. 
MDA framework (Werbach & Hunter 
2012) is used by all companies 
interviewed. However transcript analysis 
revealed that a strict order of elements 
presented in the model is not paramount in 
gamifying. 
Kani et al. 
(2013) 
To find out if 
gamification can be 
applied to the CAPTCHA 
system to improve 
security and usability. 
Experiment used 10 volunteers 
and split into three groups; 
Group 1 was the text 
recognition-based CAPTCHA 
system (control), Group 2 
swapping CAPTCHA system 
and Group 3 deletion 
CAPTCHA system. Users took 
a survey after they completed 
each CAPTCHA test. 
Results shows that the questions on the 
-
more-
for the Gamified CAPTCHA system. This 
was in comparison with the text 
recognition-based CAPTCHA (control). 
The research concludes that the proposed 
Gamified CAPTCHA system has a higher 
entertainment value than traditional 
CAPTCHA systems. 
Korn et al. 
(2012) 
To investigate the effects 
of gamification in design 
of assistive systems for 
physical production in 
improving workers' 
motivation and the quality 
of the work and the 
product. 
A design study considering 
gamification elements were 
undertaken. Although this was 
not tested. 
A set of conditions to improve flow were 
identified. These included being involved 
in an activity with a clear set of goals. 
Good balance between perceive challenges 
and perceived skills. Provide clear and 
immediate feedback. Provide an 
intrinsically rewarding experience. 
Korn 
(2012) 
To introduce an approach 
for implementing 
motivating mechanics 
from game design to 
production environments 
by integrating them in a 
An evaluation of a past study 
which included 134 German 
companies who are willing to 
use an enhanced assistive 
system in production. The 
study showed about 17% 
The research introduces an approach for the 
integration of the gamification element 
within the larger framework of ASiP 
(assistive system in production 
environments). Motion recognition 
software allows analysis of the work in 
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new kind of computer-
based assistive system. 
companies already employ 
more than 6% of impaired 
workers which was a good 
basis to create the proposed 
gamified assistive system 
 
real-time, which is then visualised as bricks 
in the game. 
Kranz et 
al. (2013) 
To investigate whether 
Gamification can be used 
in an App Store to 
increase Near Field 
Communication (NFC) 
adoption 
The game which was 
developed for the experiment 
called NFC heroes was 
deployed on the Google Play 
app store, this was to reach a 
large number of players. 
Feedback was in the form of 
the number of app installs and 
app updates. 
Less than 50% of users tend to update their 
application within 7 days of a new update, 
leaving them open to security issues. 
 To explore whether 
gamification could 
increase motivation and 
engagement in learning 
programming. 
207 students were surveyed 
about their attitude toward 
gamification to combine 
gamification with 
programming course. 
A strong preference for use of gamification 
in imparting programing knowledge was 
found. 86% of respondents stated they 
would like to learn using a fun game - 
rather than not. 67% noted they would 
rather be evaluated using game levels 





To evaluate the efficacy 
of a social networking site 
with gamification 
(certification) features in 
motivating students to 
complete optional 
learning tasks. 
385 students created profiles 
on the platforms. 113 (29%) 
participated in the gamified 
activity (to earn certification 
for completing optional 
multiple choice tests). A mean 
of 4.4 ranks per students. A 
qualitative survey of 155 
students was collected at the 
end of semester. 
Qualitative survey showed the attitude 
towards the gamified certification 
programme was perceived as 'enjoyable' 
and 'rewarding' and not 'fun'. Researchers 
concluded that offering rewards within a 
social context that is meaningful to learners 
can motivate them to complete optional 
learning tasks that they would otherwise be 
unlikely to complete. 
McCallum 
(2012) 
To review the usage of a 
reminiscence style game 
in dementia sufferers. 
User observation of 40 
participants through a 
Functional Independence 
Measure were carried out. 
The researches most important result was 
that 52% of the players did not require help 
with the game. 
Mejia 
(2013) 
Investigate the use of 
gamification to encourage 
sustained engagement 
within a mobile app and 
increase use of digital 
signage in public spaces. 
Two versions of the 
application run successively, 
participants engaged 
anonymously 
Inconclusive support for gamification, it 
appears to increase engagement although 
not clear whether this is due to 'prizes' 
being offered or as result of game elements. 
Mekler et 
al. (2013) 
To examine the effects of 
points and meaningful 
172 participants took part in a 
2x2 between-subject design 
Whilst points did motivate participants to 
generate more tags, a meaningful frame 
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framing on intrinsic 
motivation and 
performance in an online 
image annotation task. 
(points vs no points) (framing 
vs no framing) their 
performances measured. This 
was followed by an Intrinsic 
Motivation Inventory (Deci et 
al 1994) on a Likert scale. 
inspired them to do better at the task and 
create more quality tags. Overall, the 
combination of points and meaningful 
framing yielded the best results. Both 
points and meaning on their own and 





A proposal to develop a 
framework for 
gamification design in 
social media applications. 
Using (Deterding et al 
2013) definition of 
gamification and MDA 
(Hunicke et al, 2004) 
approach as a base-line. 
The proposed gamification 
framework will be applied to 
two case studies; Gruvi, which 
supplied movie fans with the 
latests trailers and community 
fan pages and Scandia 
Housing, one of Denmarks 
biggest negotiator of exclusive 
rentals. Both case studies are 
identified as social network 
servicers neither of which are 
within a game context. 
The experiment suggests the first steps on 
bridging the game between marketing and 
game design, by suggesting a uniquely 
modified version of the MDA framework 
for specific use in gamification. This new 
framework expands on the MDA concept 
of aesthetics to include sixteen basic 
desires, so that they may focus on 
developing aesthetics experience based on 
the intrinsic motivations of the gamified 





To evaluate the 
relationship between 
consent to use of 
gamification within the 
workplace and the 
subsequent performance 
within the gamified 
intervention. To evaluate 
whether greater game-
play outside of work 
increases employees 
consent to gamification at 
work. 
Conducted over eighteen days 
at a startup enterprise, 
BigDeal. There were three 
control conditions; one game 
condition, and two control 
conditions. The baseline 
control condition involved no 
changes, alternative control 
condition involved participants 
being exposed to a leaderboard 
and the game condition 
participants were exposed to 
leaderboard and daily emails to 
give them performance 
feedback in the game. 
Results show the outcome of the game 
seemed to have little impact of consent. 
The winners of the game only marginally 
were more likely to indicate consent to the 
game than the losers. 
O'donovan 
(2012) 
To determine if 
gamification (and which 
elements) could improve 
the motivation of students 
to do more coursework. 
90 anonymous university and 
college students participated in 
two surveys. 
The elements found to have the most 
motivating effect in order were : Progress 
bars, Badges, Storyline and Leaderboard. 




To examine the effect of 
gamification in a 
perceptual diagnosis task. 
Forty participants completed a 
22-minute visual search task. 
Participants were randomly 
assigned to four conditions 
resulting from the factorial 
combination of narrative 
mechanics (narrative and 
Shows gamification has potential for future 
applications for the work environment, 
however perhaps the most interesting 
finding is that the initial oxygen response 
and self-reported pre-task motivation have 
differential predictiveness; the former 
predicted learning gains, whereas the latter 
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control condition) and the 
points mechanic (Points and 
no-points condition). Attention 
effort, motivation, and work 
engagement were measured 
through performance metrics, 
functional near-infrared 





To define gamification in 
the context of a college 
classroom, using 
heterotopia. 
Study employs the method of 
heterotopian rhetorical 
criticism and the methodology 
of auto-ethnography to analyze 
World of Warcraft and re-
imagine experiences in the 
game through critical 
communication pedagogy 
The investigation found that there are three 
fundamentals to gamification in the 
classroom; Gamification must consist of 
high-choice, low-risk engagements in a 





address the developers' 
motivation to invest in 
internal quality without 
strict regulation. The goal 
is to create a realistic 
image of the benefits and 
disadvantages of the 
concept. 
Several studies were 
conducted for this research. 
The first studies are more 
concerned with technical 
aspects, e.g. validity of karma 
score. Later ones deployed 
CollabReview in natural 
environments to study social 
effects. The investigation 
consisted of reviews with 
developers, analysing karma 
scores and recording developer 
results. 
While the gamification itself and its 
rewards are not the the central focus of this 
research, several field experiments had to 
rely on such games to offer an exchange 
value for karam points to developers. The 
success of CollabReview fundamentally 
depends on the perceived exchange value, 
but if the exchange value is chosen right, 
then considerable changes in developer 
behaviour towards more caring for internal 
quality can be achieved. 
Prause 
(2012) 
To investigate the effects 
of a reputation system 
with gamified elements in 
improving source code 
quality. 
Conducted over four weeks, 
due not being able to 
accommodate a controlled 
experiment it was split into 
two phases; control and 
experimental phases. 
Intervention began on week 3 
at the experimental phase. 
The implementation of gamification had 
little influence on the code quality. In fact 
it appears that inclusion of gamification 
resulted in a small decrease in the quality 




To examine the effects of 
inclusion of newsfeed and 
leaderboard in encourage 
computer science students 
to make more frequent 
commits to a version 
control. 
37 students were entered into 
the platform which measured 
their activity on the number of 
commits to a codebase and 
used it to rank them within 
their own team and to compare 
their team to other teams. 
A balance of positive and negative 
comments were found. 
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Participants also received 
notification as well as given 
provided with feedback upon 
reaching specific milestones 
(for instance 1000 commits). A 
qualitative study of the 
experience using a 
Lightweight Documentation of 




To investigate how 
gamification can be used 
within the education 
domain by looking at 
three applications that 
utilise gamification in the 
post-secondary setting. 
Specially looking at five 
concepts which exist in 




Evaluation of three case 
studies; Intro to Information 
Studies, Just Press Play and 
Speculative Design of their 
effectiveness was conducted 
by identifying key aspects by 
reviewing course web pages, 
journal submission, video 
interviews, online articles and 
student work. 
Gamification has been seen to be useful in 
a "best practice" sense. There is no one-size 
fits all model, it's about identifying intrinsic 
rewards relative to culture of the local 
community and building game-like 
interactions on top of those. 
Thom et 
al. (2012) 
Examine patterns of user 
activity in an enterprise 
social network service 
after the removal of a 
points-based gamification 
system. 
3486 participants of the site 
who had contributed at least 
one item of content during the 
four week analysis period were 
studied. Measuring the number 
of photos, lists and comments 
generated, whilst gamification 
in place and following the 
removal of the gamification. 
Removal of gamification (point based 
incentive) system significantly reduced the 
overall contribution of participants. 
Suggesting that inclusion of points 
(extrinsic rewards) influences a segment of 




To evaluate the effects of 
gamification on exam 
results of computer 
science students. (Case 
two) 
60 students took part in a 
gamified platform to teach 
concepts of computer science. 
In Case Two : The year in which the 60 
students were achieved a pass rate of 91% - 
the highest historic was a pass rate of 85%. 
From this observation it may be inferred 
that gamification improved the pass rate. 
Venhuizen 
et al. 
(2013) called Wardrobe can 
obtain gold standard data 
for word sense 
disambiguation. 
 
A collection of games which 
presented, each targeting a 
specific level of linguistic 
annotation. A gold standard 
annotation is created by 
experts for a test set of 115 
questions with exactly six 
answers each, which is what is 
The researchers gold-standard tagged a 
portion of their data that was also used in 
the GWAP. A comparison yielded 
promising results, ranging from a precision 
of 0.88 and recall of 0.83 for relative 
majority agreement, to a precision of 0.98 
and recall of 0.35 for questions that were 
answered unanimously. 
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used to evaluate the answers 
given by the players. 
Witt et al. 
(2011) 
Explorative analysis of 
motives and perceptions 
of game mechanics to 
foster participation, flow, 
enjoyment and task 
involvement in an 'online 
idea competition'. 
Qualitative analysis of 
responses from 30 participants 
(28 male and 2 female) 
completed online survey from 
around the world. 
Usage of 'existing knowledge' and 
'curiosity' were identified as the most 
important motive for participation. The 
allocation of points or ranking were not 
perceived as an influential factor to alter 
activity and only had a minor effect on the 
motivation to introduce further ideas or 
level of happiness. 
Xu (2011) To explore the various 
gamification design 
thoughts and approaches 
and examine the most 
commonly employed 
game mechanics with 
respect to their usage and 
effectiveness. 
A comparative review of 
academic and industry 
implementations on the 
effectiveness of applying game 
mechanics to non-game 
context. 
To move beyond the simplistic 
gamification (inclusion of points and 
badges) a greater care needs to be taken to 
create 'gameful' experiences relying on the 
motivational affordances of the individual. 
Taking into consideration; meaning 
(purpose), mastery and autonomy. To focus 
on effective player journey with intrinsic 
rewards preferred over extrinsic. 
Zeineddine 
(2012) 
To explore motivations 
for online engagement 
using gamification for 
human rights 
campaigning. 
Two case studies of campaigns 
that meet the criteria of 
gamification and 
crowdsourcing within online 
human rights campaigns. 
Positive impact for applying gamification 
to raise funds, awareness levels, 
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The following are excerpts and outcomes from the workshops and interactions with end 
users during the requirement elicitation process. The overarching requirements which 
defined as journeys lead to specific functionality requirement.  
Users expressed the need to facilitate supporting in collecting and sharing 
documentation. Users need to continuously filter information and to provide relevant 
information to inspire them. There exist different types of filters and different types of 
dimensions of information that can be extracted from information resources like 
websites and software apps. The filtering process is triggered by the input of the user. 
The system could offer a kind of a collaborative place to be able to collect relevant 
material which would foster an open attitude to reconsider existing ideas in a playful 
way.  
User Journey and Functionality 
system user. In each instance a paragraph describes his activity followed by statements 
of functionalities required.  Alex a student within a study group, he carries out desk 
research. He uses the system to help find and share information with his group. He 
selects interesting and relevant information and decides to share this with his group. 
 Functionality to receive alerts when new information is available. 
 Functionality to record findings and share with the rest of the group. 
Users can collaborative with members of their group.   
 Functionality for the system to suggest goals. 
 Functionality for users to collaborate asynchronously. 
Alex receives points for sharing information and contributing creative ideas. He is 
currently the top point scorer, which secretly gives him a sense of pride. He also enjoys 
reading the comments posted by others about his ideas. This feedback encourages him 
to continue submitting comments and suggestions and gives him a sense of ownership 
for his work. 
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Alex learnt a new technique for generating new ideas, he shares this technique. When 
Alex adds this information, he receives more points, which makes him happy. He is still 
on the top of the leader board and is gaining a reputation for being an expert in his area. 
 Functionality for recognition for contributing findings and ideas. 
 Functionality to comment on/rate insights and recommendations added by other 
group members. 
 Functionality to receive rewards/points for commenting on/rating insights added 
by other group members. 
 Functionality to receive rewards by completing goals 
 Functionality for team members to view a list of rankings, which displays the 
names of those who have contributed the most to each area.  
 
Results from the formative evaluation.  
The evaluation took part between May and August 2014. Twenty two students took part 
in a number of one day formative evaluation processes. Rather than treating the 
evaluation of the platforms as a pure usability test, participants were encouraged to use 
the platform as a real collaboration tool relating to one of their studies.  
All participants filled in research consent forms and completed a 44 item personality 
questionnaire based on the Big Five. The StarQuest platform was introduced through a 
short presentation, all three versions of cooperative, competitive and control were 
tested.  
StarQuest is intended to be used by teams who are not necessarily co-located over a 
period of weeks rather than in short sessions. This meant the piloting phase was highly 
condensed which lead to some issues arising from the use of the platform, as the goal 
mechanisms are designed to span days and weeks rather than hours. Despite this, the 
feedback was very useful in helping to shape the project.  
 overall objectives, 
net promoter scores, thematic focus, cognitive absorptions along curiosity, focused 
immersion and heightened enjoyment, as well as temporal dissociation, social structure 
and impacts on mental model building. Additionally a qualitative questionnaire 
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administered, whose results where then incorporated into the full version of StarQuest 
used for the experiment. 
Questions and domains explored in initial feedback on the design for further 
refinement.  
Qualitative questions for StarQuest :  
What are your overall impressions of StarQuest ?  
 Playful and fun interface that's easy to interact with the 'Project Health' concept 
is intriguing 
 Interface is friendly, some functions are nicely developed 
 Good tool for keeping oversight. in team evaluations communication is a very 
frequent problem. this feels like a solution 
 Intuitive. Nice to see other peoples suggestions. The taks in the sideline are a bit 
bulky which makes it look cluttered. I'd like to see more content at once. 
 A bit complicated at first sight but by trying you learn how it works. There are 
some usability issues, like ease of uploading image, some icons seem clickable 
but are not. 
 Wow there is content after a brainstorm session!! we actually did document the 
process 
 Would be really helpful in projects. keeping track of your google result is great. 
 
Do you feel StarQuest could contribute to your design process? If so how? 
 Yes, it is an easy to use log system, but browsing through old logs was not so 
simple 
 Yes, I would use to keep check on the team's dynamic and 'mood' about the 
project  
 The main strength would be forcing the user to actually document int a more 
meticulous, chronological and communal way 
 When I work with others it could be very helpful since your process is 
documented and you can see where things went right/wrong. I'd see some 
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problemswith actually integrating it since it the documenting puts the matching 
on hold. 
 It would help in making a visual and inspirational log 
 Yes, since it provided overview and collects all my information in one place 
 Yes. in collaboration. 
 It helps me to make decisions explicit since I have to decide if they are crucial 
for the process. 
 
Do you feel StarQuest would lead to more sharing of progress? (Everyone answered 
Yes) 
 Yes although you have to be sure all team members are using it, otherwise I'd 
switch back to email 
 Yes if use could also rate our projects (for example quality of the architecture 
 I believe so as the inspiration that others send, makes me want to contribute 
since their enthusiasm ... 
How did you feel about the project health or ranking? (note the ranking was not fully 
implemented) 
 It would be nice to give 'Kudos' or 'Karma' to a team member 
 For now health is only linked to your digital activity. offline activities do not 
influence health/rankings 
 
What would you add, remove or change in StarQuest ?  
 Filter option in the timeline Assigning tasks to others in the team 
 Tagging people who do offline activities. having a 'quality evaluation' to get 
 
 Posting as yourself in the future. complete, one view overview of project as 
whole. 'Data visualisation' using different variables (tags, type of activity etc). A 
lot of data being collected, little data being communicated. 
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 I'd remove 'to do'- as large icons- maybe change it into reminders/may be 
personalize the visualisation of the team members encourage interaction. Make a 
quick share button- to minimize time for documenting. 
 The act of 'doing something' does not say anything about your contribution to 
the projects. It would be interesting to also see the value of the contribution and 
the quality of the project 
 More emphasis on future activities - so you can collaboratively plan 
 Explore the tool in time on a project combine with time, planning, messages to 
the future how do posts related to task/ activities?  
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The following diagrams present scatterplots of Transformed, Centred Performance 
Measure tposts against each of the Five Personality Traits with tTime represented as 
size of plot points.  
The larger plot on the left is the composite plot of all three conditions, the smaller plots 
on the right are individual condition plots organised in order from top to bottom of 
Cooperative, Competitive and Control Conditions.   
Scatterplots of transformed, centred performance measure tPosts against centred Openness with tTime represented as 
size of plot points. Individual condition plots on the right, top to bottom, Cooperative, Competitive and Control 
condition.  
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Scatterplots of transformed, centred performance measure tPosts against centred Conscientiousness with tTime 
represented as size of plot points. Individual condition plots on the right, top to bottom, Cooperative, Competitive and 
Control condition.  
 
 
Scatterplots of transformed, centred performance measure tPosts against centred Extraversion with tTime represented 
as size of plot points. Individual condition plots on the right, top to bottom, Cooperative, Competitive and Control 
condition.  
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Scatterplots of transformed, centred performance measure tPosts against centred Agreeableness with tTime 
represented as size of plot points. Individual condition plots on the right, top to bottom, Cooperative, Competitive and 
Control condition.  
Scatterplots of transformed, centred performance measure tPosts against centred Neuroticism with tTime represented 
as size of plot points. Individual condition plots on the right, top to bottom, Cooperative, Competitive and Control 
condition.  
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Raw Performance Scores with Spearman rank order correlations with five factor 
personality traits 
Condition Course n Scores Mean Sd comments time Open. Cons. Extra. Agree. Neuro. 
Coop. C1 64 Posts 11.56 10 .455***  .534*** .076*  -.211**  -.255**  .199* .109  
Comm 3.3 5.85 .445*** .162* -.123  -.179* .259** .042  
Time 157.3 141.87 .445*** .182* .069 -.009 .229** -.064 
C2 22 Posts 7.23 5.282 .484** .587**  .215  -.403** -.105 .087 .619***  
Comm 0.14 0.351 .157  .200  -.210  -.231 .326* .335  
Time 97.9 77.69 .157  .384** -.132  .121 .324* .203  
C3 18 Posts 3.17 1.724 .074  .266  .249  -.239  .059 .223 .214  
Comm 0.22 0.548 .318*  .647**  .172 .151 .462** .118  
Time 95.6 94.37 .318* .398* .254 .463** .675*** -.055 
Comp. C1 66 posts 11.64 7.87 .753*** .675*** -.147  .195*  .309*** -.059 .082 
Comm 3.95 4.72 .657*** -.012  .209** .156  -.007 .089 
Time 183.6 151.29 .657**  -.074 .111 .005  .006 .181* 
C2 15 posts 8 4.97 .375  .106  .015  .267 .295  -.080 .093 
Comm 0.27 0.594 -.197  -.017  .615*** .504** -.054 .108 
Time 73.05 33.6 -.197  -.310  -.301  -.619** -.486** .567** 
C3 14 posts 3 1.569 -.397* .792*** .288  -.025  .521** -.018 -.136  
Comm 0.21 0.426 -.238  .000  .173  -.173 -.110 .111 
Time 34.24 17.98 -.238 .086  .194  .541** -.326 -.119 
Control C1 59 posts 7.47 7.72 .681*** .633*** .127  .149  .155 .066 .031 
Comm 3.12 4.83 .529*** .160  .138  .104 .124 .136 
Time 135.6 95.7 .529*** .023  .029  -.085 .199* .009 
C2 17 posts 5.41 4.24 .417** .228  .098  .365  .433** .267 -.046 
Comm 0.18 0.529 -.079  .304  .143  .286 .053 .002 
Time 54.04 31.7 -.079  -.083  .122  -.280 .101 .172 
C3 19 posts 3.26 2.38 .039  .590**  .063  -.232 .450**  -.015 -.005 
Comm 0.68 0.946 -.059  .322* .068 .353*  .047 -.047 
Time 85.68 71.46 -.059 -.195 -.310* .134 -.220 .034 
 
* p < .1  ** p<.05  *** p<.001 
Coop. = Cooperation, Comp. = Competition, Open. = Openness, Cons. = 
Conscientiousness, Extra. = Extraversion, Agree. = Agreeableness, Neuro. = 
Neuroticism 
 
